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FOREWORD 


A part  of  the  reooareh  vork  on  Contract  Nonr  393(01)  has 
boon  conducted  by  a {Taduate  student,  Itr.  Ruaaell  Grant  At  hay, 
working  under  a cooperative  re  a a arch  procram  in  aolar  physios 
botvosn  High  Altitude  Observatory  and  the  University  of  Utah* 

The  Ph.D.  theaia  summarising  hi a vork  haa  been  jointly  super- 
vised by  the  aa trophy sica  group  of  the  University  of  Utah  and 
tho  research  staff  of  the  i-tLgh  Altitude  Observatory*  The 
thoals  contains  major  results  of  the  eclipse  expedition  conductod 
under  the  contraot,  and  la  therefore  being  issued  herewith  as  a 
contract  technical  report* 

The  principal  acientifio  results  in  this  theaia  will  later 
bo  made  th©  subject  of  published  articles  in  the  scientific 
literature*  Such  published  articles  will  be  distributed  as 
additional  technical  reports  under  this  contract* 

Walter  Orr  Roberta,  Director 
High  Altitude  Observatory 
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ABSTRACT 

Analysis  of  ultraviolet  spectrograms  of  the  chromospheric  flash 
obtained  at  the  1952  solar  eclipse  at  Khartoum,  Sudan,  presented  serious 
photometric  probleme.  Standardising  exposures  in  the  ultraviolet  made  at 
Khartoum  were  not  successful  because  of  a post-ecllpee  failure  of  the  film 
advance  mechanism.  Characteristic  curves  obtained  from  standard  lamp  ex- 
poaures  made  in  Boulder  after  completion  of  the  expedition  could  not  be 
trusted  to  repreoent  the  photomotric  propertiee  of  the  eclipse  fllaa,  and 
were  principally  useful  as  a first  approximation  to  the  curves  representing 
the  eclipse  spectrograms.  In  addition,  there  were  uncertainties  in  the 
duration  of  the  expoaureo  on  all  except  six  apectrogrAos. 

Methods  were  developed  that  allowed,  in  epite  of  these  problems, 
entirely  reliable  determinations  of  the  characteristic  curves  of  the  filme 
made  during  the  eclipse.  A thorough,  independent  chock:  on  the  consistency 
and  accuracy  of  the  final  curves  was  possible  and  its  result  was  entirely 
satisfactory. 

The  image  of  the  coronal  continuaa  extending  beyond  the  moon's  limb  at 
right  angles  to  the  line  of  contacts  was  used  to  determine  the  relative 
‘exposures.  Change  with  wiiVelength  of  film  sonsitivity,  atmospheric  abaorp^ 
tion,  and  reflectivity  of  the  mirror  surfaces  were  evaluated  and  included 
as  corrections  to  the  photometry. 

Tho  densities  of  the  hydrogen  Balmer  lines  from  Hq  to  anc*  four 
wavelengths  in  the  Balmer  continuum  were  measured  at  two  points  on  the  limb 
on  17  spectrograms  at  second  contact.  The  microdenaitorceter  at  the  UcMath- 
Hulbert  Oboervatory  was  used  for  the  tracings.  These  densities  were  then 
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converted  to  give,  after  application  of  the  photometric  proceduree,  tablas 
of  correoted  line  intensities  for  2Lt  lines  of  the  Balroer  aerie*  at  height* 
separated  by  108  kma  in  the  lower  chromosphere,  ranging  from  100  kma  to 
3800  ferns  in  height*  a*  shown  in  Table  2,  page*  1*8  and  1*9. 

The  Talus*  of  line  and  oontinuun  intensities  were  found  to  be  internally 
consistent  and  it  was  demonstrated  that  systematio  errors  were  negligibly 
email.  The  random  errors  were  relatively  snail  for  photographic  photometry. 

The  Balaer  decrements  agreed  well  with  those  obtained  by  Cilice  and 
Men2el  at  the  1932  eolipse  at  tha  heights  of  the  chromosphere  where  the 
observations  overlap.  However,  the  emission-height  gradients  of  hydrogen 
are  about  1*0J{  larger  than  in  1932,  and  the  absolute  intensities  of  the 
hydrogen  emission  at  the  base  of  the  chromoephore  were  about  five  times  as 
large  as  in  1932. 


The  emission-height  curves  wero  found  to  be  well  represented  by 


except  for  lines  Hg  to  below  2000  km.  The  values  of  pn  increased 
ey sterna tieally  from  0g  * 1.1*  x 10®ca“^  to  {3^1  * 2.1  x KrScnfl. 

Preliminary  interpretation  of  the  observations  revealed  that  the 
effects  of  self-absorption  were  pronounced,  and  also  demonstrated  that 
there  were  large  departures  from  thermodynamic  equilibrium  in  the  sense 
that  the  bn's  wars  greater  than  one  at  700  km  and  increased  with  height. 

Preliminary  analysis  of  the  Balms r continuum  data  showed  that  the 
electron  temperature  waB  less  than  12,000°  K at  chromospheric  heights  below 
1000  km  and  that  the  tempera turs  increased  upward.  The  electron  densities 
in  the  low  chromosphere  were  found  to  be  of  the  order  of  lO1^  per  cra^. 
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A detailed  determination  of  the  thermodynamic  structure  of  the  eolar 
chromosphere  will  be  attempted  by  Dr*  R.  N.  Thomas  and  hia  aeeooiatee  from 
the  tabulated  lnteneitiea  given  in  this  theale,  and  will  be  the  oubjeot  of 
later  reports  from  the  High  Altitude  Observatoiy. 
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I.  INTRODUCTION 

Spectrographio  observations  of  the  flaeh  spectrum  at  the  total  solar 
eclipse  in  Khartoum,  Sudan,  on  February  2 5,  1952  were  made  by  the  High 
Altitude  Observatory  of  Harvard  University  and  the  Univeraity  of  Colorado. 
This  work  was  supported  by  the  Office  of  Naval  Research  and  carried  out  in 
cooperation  with  the  Naval  Research  Laboratory.  A primary  purpose  of  the 
expedition  wao  to  obtain  observations  of  the  solar  chromosphere  simultane- 
ously in  the  opti cal-photograjhic  and  short-wave  radio  regions  of  the 
spectrum.  Ihese  two  sets  of  observations  are  to  be  used,  in  turn,  as 
independent  moans  of  deducing  the  thermodynamic  structure  of  the 
chromosphere. 

The  results  of  previous  radio  noise  observations*  gave  electron 
temperatures  cf  the  order  of  5000°  K in  the  lower  chromospheric  layers. 
Temperatures  of  this  same  order  were  found  by  Cillie  and  Mon?.ulc  from  the 
distribution  cf  intensities  in  the  Calmer  continuun  observed  at  the  1932 
eclipse,  and  eimilar  results  wore  obtained  by  Goldborg^  from  the  relative 
population  of  excited  levels  in  Helium.  On  the  other  hand,  line  profile 
measurements  by  Redman^  at  the  19^0  eclipse  gave  tomporaturos  of  the 
order  of  30*000°  K.  Oiovanelli^  and  oth'orR  have  pointed  out  that  tompern- 
tiirns  of  thia  latter  order  are  required  to  support  the  observed  density 
gradients  if  one  assumes  a highly  ionised  atmosphere  in  hydrostatic  equi- 
libria. In  a Beries  of  papers,  Thomas^  showed  further  evidence  in  favor 
of  a high  temperature  chromosphere. 

At  the  present  time  there  is  considerable  doubt  about  the  actual 
thermodynamic  conditions  in  the  chromosphere.  Not  only  are  the  observations 
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apparently  conflicting,  but  theoretioiana  are  alao  in  disagreement  a*  to 
the  causes  of  tha  discrepancies*  Wa  hopa  that  tho  present  observations 
will  halp  to  resolva  tha  apparent  diffarencas  between  tha  optioal  and 
radio  noise  observations  by  giving  us  an  irp roved  determination  of  tha 
thereodynamlo  conditions  in  the  chromosphere*  Tha  methods  of  analysis  and 
tha  requirements  for  tha  optioal  obsarvations  ware  developed  by  Ihotnas*^ 

The  spec trographic  equipment  was  daslgnad  by  tha  High  Altitude  Observatory 
explicitly  to  fit  these  requirements,  and  to  give  tha  necessary  data  for 
this  analytical  method,  namely,  detailed  spactrophotometrio  observations 
of  the  emission  in  the  hydrogen  B aimer  and  Paachan  series. 

Completion  of  the  overall  problem  divides  itself  logically  Into  two 
parts i (1)  measurement  and  reduction  of  the  spectrograms,  leading  to  tablet 
of  intensities  for  the  hydrogen  Dalmer  and  Paochen  lines,  and  (2)  inter- 
pretation of  these  data,  leading  to  a detailed  specification  of  the  thermo- 
dynamic conditions  of  the  chromosphore.  Ihe  work  reported  in  this  thesis 
encompasaoo  the  first  of  these  objectives,  so  far  as  the  data  obtained  at 
Khartoum  permit,  and  includes  a preliminary  interpretation  of  the  results 
to  be  expected* 
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II.  OBSERVATIONS  AT  THE  ECLIPSE 


Tho  High  Altitude  Observatory  eclipse  expedition,  a part  of  the  larger 
expedition  of  the  Naval  Rosoarch  Laboratory,  was  headed  by  Dr.  John  W. 
Evans, # who  was  assisted  by  Ur.  Robert  H.  Lee  and  Ur.  Robert  H.  Cooper. 
Observations  wore  made  with  three  slitless  spectrographs,  two  having  lene 
systems  and  c.<e  a reflection  system  for  the  1mA ge- forming  elements.  The 
properties  of  the  spectrographs  are  given  in  Table  1. 

A diagotvil  mirror  in  tho  ultraviolet  spectrograph,  between  the 
grating  and  the  spherical  mirror,  dlvertod  the  spectrum  to  the  photo- 
graphic emulsion.  This  mirror  blocked  out  SO  mra  of  the  short  dimension  of 
the  grating,  leaving  an  effoctivo  surface  of  85  x 150  mm. 

All  three  epectrographs  were  attached  to  a single  rigid  structural 
spar,  mounted  equatorially,  and  glided  in  hour  angle  and  declination  by  a 

O 

photoelectric  servo-mechanism  similar  to  those  used  at  the  Climax  and 
Sacramento  Poak  coronagraph  stations. 

The  cameras  wore  dosignod  for  "jumping  film"  observations  at  a much 
faster  rate  than  earlier  eclipse-goers  had  attempted.  A pneumatic  film 
transport  and  shutter  system  was  used.  This  design  allowed  a rapid  film 
transport  with  a minimum  of  mechanical  motion  o^  vibration.  Tho  cameras 
usod  20-foot  rolls  of  film  9 1/2  inches  wide  prepared  by  the  Kastman  Kodak 
Company.  Ihe  spectrum  wao‘ imaged  on  the  film  witfi  tho  direction  of  dis- 
persion along  tho  9 1/2  inch  dimension.  It  was  necessary  to  move  the  film 
only  about  two  inches  between  exposures.  The  cameras  were  all.  operated 

...  . i— — — ■ .....  ..  n.  ■■  - ■ m rw  in  ■will  ... 

* Dr.  Evans  is  now  Superintendent  of  tho  Upper  Air  Roeearch  Observatory 
at  Sacramento  Peak,  New  Mexico. 
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by  a eingle  control  system  giving  simultaneous  exposures. 

Tho  observing  program  at  eclipse  was  as  follows!  the  exposure  times  in 
the  low  chromosphere  were  0.3  second  with  an  interval  of  0.1  second  between 
the  end  of  one  exposure  and  the  beginning  of  the  next.  The  0.3  second 
exposures  wore  started  10  seconds  before  the  computed  time  of  first  flash. 

At  the  appearance  of  the  flash  ths  program  control  was  started.  The  0.3 
second  exposures  were  continued  for  12  exposures,  and  then  four  exposures 
of  0.9  second  and  four  of  2.9  seconds  wore  taken.  After  the  last  2.9 
second  exposure,  some  longer  exposures  of  the  corona  were  made*  The  same 
program  was  reversed  for  second  flash.  Through  some  unexplained  mechanical 
peculiarity,  the  first  0.9  second  exposure  turned  out  to  be  0.6  second. 

The  observing  conditions  at  Khartoum  ware  excellent.  The  aky  was 
cloudless,  the  wind  velocity  moderate,  and  the  seeing  good.  On  February  22, 
there  was  a cold  frontal  passage  with  a rather  severe  sandstorm.  On  the  day 
of  the  eclipse  there  was  still  a slight  blowing  of  tho  sand,  but  tills  was 
confinod  to  tho  lovols  a few  feet  above  the  surface  and  below  moot  of  the 
observing  equipment.  There  was  still  a slight  haze  left  by  the  duct  from 
the  preceding  storm.  However  the  atmoBphorlc  transparency  wae  good  and 
showed  no  evidence  of  being  variable.  The  pho topic  and  spectral  attenuation 

o 

of  the  atmosphere  was  Manured  by  the  Naval  Research  laboratory  group' 
during  the  days  preceding  the  eclipse  and  on  eclipse  day. 

The  expedition  was  not  without  serious  troubloa,  however.  In  the 
process  of  setting  up  and  aligning  the  equipment,  Dr.  ivar.s  fell  from  the 
eps.r  and  fractured  his  leg.  This  accident  seriously  Jeopardized  tho  expedi- 
tion, and  it  was  only  through  extreme  effort  on  the  part  of  all  three 
members  of  the  team  that  any  observations  were  obtatnod.  In  addition  to 
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thie,  the  sandstorm  on  February  22  forced  Band  into  the  film  transport  and 
shutter  system*  The  operation  of  this  system  afterward  was  somewhat 
erratic*  Fortunately,  the  operation  during  the  eollpee  was  quite  smooth, 
and  a relatively  large  miaber  of  excellent  spectrograms  was  obtained.  This 
System  failed  to  operate,  however,  during  the  standard  exposures  taken  in 
Khartnum  after  the  eclipse.  Because  we  had,  as  a safety  measure,  planned 
alternative  ways  of  accomplishing  the  photometric  standardization,  the  lose 
of  these  standard  exposures  wee  not  eo  seilous  as  it  might,  st  first  sight, 
appear.  This  point  will  be  discussed  in  dotail  in  part  III. 

Seventeen  ultraviolet  and  19  visible  epeotrograma  at  first  flash  are 
of  good  quality  and  suitable  for  accurate  photometry.  The  infrared  spectro- 
grams were  underexposed,  and,  although  there  is  much  usable  information  on 
thorn,  the  Paachen  linos  are  too  weak  for  accurate  hydrogen  line  photometry 
of  the  deBired  type  on  all  excapt  one  spectrogram.  The  sand  in  the  pneu- 
matic system  produced  a few  double  exposures.  In  some  of  the  spectrograms 
there  is  evidence  that  the  film  moved  whllo  the  shutters  were  open.  This 
effect  ehewe  up  ae  a slight  blurring  of  intense  lines,  perpendicular  to 
the  direction  of  dispersion.  There  ie  no  evidence  of  blurring  In  the  llnee 
of  medium  intensity,  end  the  actual  intensity  measurements  shew  that  this 
effect  was  minor.  On  the  whole  the  spectrograms  at  first  flash  were  very 
good. 

The  program  for  second  flash  started  too  late,  and  the  longer  ex- 
posures were  overexposed.  Ihere  are,  however,  six  visible  and  six  ultra- 
violet spectrograms  at  second  flash  that  were  exposed  for  0.3  second  in  the 
low  chromosphere.  Thoso  spectrograms  were  of  exceptionally  good  quality* 

The  spectrographs  wore  designed  so  that  two  images  of  the  spectrum 
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appeared  aids  by  aids  in  each  exposure*  The  two  images  were  accomplished 
with  a simple  image-dividing  system  in  each  spectrograph.  The  primary 
image  received  practically  all  of  the  light  from  the  grating,  and  the 
secondary  image  received  approximately  1/100  of  the  total  light.  The 
actual  intensity  ratio  depended  on  the  wavelength,  eince  the  reflection 
and  transmission  coefficients  of  the  systems  varied  with  wavelength.  This 
simple  device  greatly  increased  the  amount  of  usable  inforaatior  on  the 
spectrograms  by  extending  the  range  of  intensities  that  can  be  measured* 

In  addition,  this  system  greatly  improved  the  chances  of  getting  usable 
densities  in  ary  given  exposure,  and  it  provided  a basis  for  chooklng  ths 
accuracy  of  the  photometry,  as  described  below. 

Along  with  the  two  images  of  the  spectrum, ..each  axposure  contained 
the  image  of  a data  panel.  The  panel  included  a step  wedge  as  a check  cm 
photometry,  and  a system  of  clocks  for  measuring  exposure  times.  The  step 
wedge  was  illuminated  from  behind  by  a constant  light  sourcej  the  light 
transmitted  by  the  wedge  was  filtered  to  give  a band  about  hOO  A.  wide. 

plates  1 and  2 are  reproductions  of  visible  and  ultraviolet  spectro- 
grams* The  bright  regions  bordering  the  primary  image  were  formed  by  the 
coronal  oontinuum  that  extends  beyond  the  moon's  limb  at  right  angles  to 
the  line  of  contacts.  'Ibis  continues  overlaps  the  secondary  image  of  the 
speotrum  and  the  image  of  the  data  panel.  In  designing  the  eclipse  spectro- 
graphs Dr.  Evans  overlooked  the  fact  that  this  continuum  would  be  so  in- 
tense. This  oversight  had  both  beneficial  and  detrimental  effects.  The 
overlap  into  the  secondary  image  raised  the  densities  in  that  imago  above 
the  extrema  toe  of  the  characteristic  curve,  making  the  determination  cf 
inten3itiafi  mors  reliable,  and  introduced  no  systematic  errors,  since  the 


Plate  2.  Negative  print  of  a portion  of  visual  spectrogram  No.  13  showingi 
a.  data  panel  wedge;  b.  primary  image;  c.  secondary  image* 
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light  of  the  overlapped  image  integrated  out  of  all  line  intensities  in  the 
reduction  process.  On  the  other  hand,  the  effects  on  the  data  panel  were 
detrimental.  In  the  visible  spectra,  the  effect  is  scarcely  noticeable, 
and  even  for  the  step  wedgs  can  be  reliably  corrected.  In  the  ultraviolet, 
however,  the  data  panels  were  of  little  use.  In  only  six  exposures  could 
the  dock  images  be  seen,  and  none  of  the  wedges  were  usable.  At  first  we 
feared  that  this  was  a very  serious  loss,  but,  as  we  shall  point  out  below, 
the  image  of  the  continuum  itself  allowed  us  to  determine  the  characteristic 
curves  of  the  film  at  all  desired  wavelengths,  and  also  to  determine  the 
relative  exposures  of  each  image. 

Prior  to  those  observations  the  most  complete  and  moot  useful  chromo- 
spheric eclipse  observation  that  give  reliable  intensity  measurements  are 
those  reported  by  Gillie  and  Kernel.2  They  made  five  observations  of  the 
chromospheric  spectrum  between  0 and  1*000  tens.  During  each  of  their  ex- 
posures the  moon  moved  1*17  ten  relative  to  the  sun,  and  during  the  interval 
between  the  middle  of  two  consecutive  exposures  the  moon  moved  833  km 
relative  to  the  sun. 

For  comparison,  at  the  Khartoum  eclipse  we  were  able  to  cut  the  rela- 
tive motion  of  sun  and  moon  between  exposures  to  one-eighth  of  this  value. 
During  an  interval  of  0;3  second  the  moon  moved  81  km  and  in  0.1*  second 
10$  ten  relative  to  the  sun.  The  relative  motion  of  the  sun  and  moon  was 
slower  (269  km/scc)  and  we  spaced  our  exposures  much  more  closely.  In  the 
range  0 - 3700  km  wo  have  18  separate  observations  in  the  ultraviolet,  and 
each  of  these  contain*,  two  images  of  the  spectrum.  Were  it  not  for  double 
exposures  thero  would  have  been  a total  of  22  spectrograms  between  these 
sane  levels.  There  can  be  no  doubt  that  the  large  increase  in  the  hoight 


10 


resolution  in  these  observations  will  be  o f great  importance  to  anyone 
attempting  a study  of  the  chromospheric  structure.  The  acouracy  and  reli- 
ability of  the  data  obtained  from  the  spectrograms  will  be  dieoussed  in 
the  following  sections* 
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III.  PHOTOMETRIC  METHODS 
A.  Summary  of  Planned  Photometric  Program 

Two  principal  methods  of  photometric  standardisation  of  our  eclipse 
films  were  planned  before  the  eclipse*  with  several  possible  alternatives 
visualised  in  case  of  difficulties  with  these  principal  methods.  As  our 
program  developed*  we  were  forced  to  rely  entirely  upon  alternatives*  but 
because  of  the  wey  in  which  the  photometric  procedures  were  executed*  ae 
described  in  detail  below*  we  are  confident  that  the  final  results*  though 
more  laboriously  derived*  are  comparable  in  accuracy  with  those  expected 
from  the  originally  planned  methods. 

Our  Lnitlsil  standardisation  plana  called  for  us  to  produce  a set  of 
standard  exposures  in  our  spectrographs*  using  ae  a light  source  a cali- 
brated tungsten  ribbon-filament  lamp  and  a collimator  of  known  pho toms trio 
characteristics.  We  planned  to  image  the  filament  of  the  lamp  on  the  slit 
of  a collimating  system  like  that  of  Figure  la*  attached  to  the  spectro- 
graphs. For  the  standard  exposures  we  had  planned  to  use  a straight  slit* 
covered  by  a wedge  whose  transmissivity  varied  continuouely  along  Its 
length.  Thus  the  image  of  the  slit  on  the  film  would  be  a continuous 
spectrum  with  a change  of  intensity  normal  to  the  dispersion.  We  planned 
to  determine  tha  absolute  intensity  of  the  light  producing  given  blacken- 
ing of  the  film  from  the  constants  of  the  lamp  and  the  collimating  system. 
The  standard  exposures  we  planned  to  place  on  the  film*  adjacent  to  the 
eclipse  spectra*  as  soon  as  possible  after  eclipse*  and  to  accomplish  the 
processing  in  the  same  film  strip  at  the  same  time  as  the  eolipse  films. 
The  principal  check  on  the  method  was  to  be  the  standard  wedge  in  our  datA 
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boxes,  reoorded  on  esoh  aollpsa  exposure  with  tha  aaaa  langth  of  exposure 
and  at  the  aaaa  woman t as  tha  aollpaa  exposure* 

Unforeseen  difficulties  prevented  ua  from  carrying  out  thia  program, 
and  forced  upon  us  a far  more  laborious  procedure , aa  daaeribad  below.  Wa 
did,  however,  use  the  colligating  equipment  designed  for  use  in  the  planned 
procedure,  even  though  simultaneous  processing  of  eclipse  and  standard  ex- 
posures made  at  the  tine  of  the  eclipee  was  impossible* 

B.  Photometric  Program  aa  Executed 

The  planned  standard  exposures,  using  the  procedures  outlined,  above, 
were  attempted  in  Khartoum,  shortly  after  the  eclipse*  For  some  reason, 
probably  the  sand  in  the  system,  the  film  transports  failed  in  all  three 
cameras,  and  the  films  of  the  eclipse  spectra,  therefore,  were  not  accompa- 
nied by  these  standards,  when  processsd*  Another  attempt  to  get  the 
standard  exposures  was  mads  in  Khartoum,  but,  unfortunately,  the  expedition 
had  to  leave  the  site  so  soon  that  there  was  neither  tine  nor  facilities  to 
process  the  film  until  after  the  return  to  Boulder*  When  this  film  was 
processed,  we  discovered  that  the  film  transport  in  the  ultraviolet  camera 
had  again  failed*  The  visible  was  partially  successful,  and  the  infrared 
operated  normally . However,  the  long  delay  between  the  exposing  and 
processing  and  the  unknown  storage  conditions,  gave  us  considerable  doubt 
about  the  accuracy  of  the  standards*  The  rolls  of  film  that  were  used  for 
the  eclipse  spectrograms  were  still  not  completely  used  up*  The  equipment 
was  therefore  reassembled  in  Boulder  and  the  standard  exposures  again 
completed  on  the  same  rolls  of  film.  Teo  sets  of  standard  exposures  were 
taken  at  di lie rent  times  and  processed  separately.  The  processing  and 
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exposing  conditions  used  in  Khartou®  had  been  carefully  recorded  and  an 
attempt  was  made  to  duplicate  these  conditions  exactly  for  the  standards 
taken  in  Boulder*  The  same  person  did  the  processing  in  both  places*  We 
recognised*  however*  that  the  dotailed  shape  of  the  characteristic  curves 
obtained  fren  these  exposures  would  be  only  a first  approximation  to  the 
proper  curves*  but  the  variations  of  the  curves  with  wavelength  and  the 
absolute  intensity  for  the  middle  of  the  straight  line  portions  of  the 
characteristic  curves  we  expected  to  be  able  to  truat* 

The  standard  step  wedge  impressed  on  the  films  during  ths  eclipse 
exposures  recorded  success fully  in  the  visible  spectra*  but  was  obscured 
in  the  ultraviolet  by  the  continuum,  which  overlapped  into  the  area 
reserved  for  the  data  box*  The  light  passing  from  the  wedge  to  the  films 
was  traversed  through  a green  filter  that  transmitted  a band  of  light  about 
bOO  A in  width,  giving  us  a characteristic  curve  at  one  wavelength* 

The  image  divider,  which  gave  biro  images  of  the  spectrum  on  each  ex- 
posure also  aided  us  materially  in  checking  the  photometry  as  outlined 
below. 

C.  Method  of  Determining  Characteristic 
Curves  by  Standard  Lamp  and  Collimator 

The  method  used  in  Boulder  to  standardize  the  photographic  films 
exposed  to  the  standard  lamp  and  collimator  was  exactly  the  some  as  that 
originally  planned  for  the  eclipse  films  themselves*  Because  the  films 
had  to  be  developed  aopar&tely  from  the  oclipee  films,  and  in  spite  of  the 
fact  that  tho  same  emulsions  were  used  and  conditions  were  duplicated  as 
closely  as  poooible,  we  used  the  characteristics  co  derived  simply  to  give 
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us  a first  approximation  to  the  appropriate  curves,  to  determine  the  wave- 
length variations  of  the  curves,  and  to  fix  the  absolute  intensities  cor- 
responding to  the  middle  of  the  straight  line  portions  of  the  character- 
istic curves. 

The  method  gives  absolute  characteristic  curves  for  the  films  at  all 
desired  wavelengths.  The  first  step  in  the  method  ie  to  obtain  an  expres- 
sion for  the  absolute  intensity  of  a chromospheric  speotnaa  line  in  bermo 
of  the  characteristics  of  the  standard  lamp  and  collimator.  This  we  have 
done  in  the  following  steps,  leading  up  to  equations  (8)  and  (?)  on  page  17* 
The  lamp  we  used  was  calibrated  by  the  National  Bureau  of  Standards 
before  the  standard  exposures  were  taken.  After  the  entire  expedition  and 
post-axpedition  standardisation  had  been  completed  we  had  the  lamp  recali- 
brated. We  found  that  nc  important  change  in  the  characteristics  of  the 
lamp  occurred.  The  calibration  gave  lha  bri  *htnese  temperature  of  the  lamp 
for  several  values  of  the  filament  current.  The  brightness  temperature, 

SX,  ie  related  to  the  true  tciqparnture,  T,  through  the  equation 

J, _ » *1  °>  A €\t  U— 

T <»  **  (1) 

where  Oj  * 1*1432  cm  decrees  and  is  the  spectral  omiesibity  of 

tungsten.  The  values  of  given  by  foray  the  and  Adams10  were  used.  Ths 

intensity  of  the  radiation  from  1 cm*-  of  the  filament,  expressed  in  terras 

of  the  black  body  emission  function,  in  ergs/sec/unit  solid  anglo/unit 

wavelength  la 


£ 


AjT 
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L*t  i 

■**A  ■ the  average  coefficient  of  reflection  at  wavelength  X,  of  the 
sis.  reflecting  eurfecea  in  the  eollimator  and  ultraviolet 
epeotro graph. 

• the  transmissivity  of  the  wedge  at  a distance  x front  the  end  of 
the  slit  and  wavelength  X. 

^ * the  eolld  angle  eub tended  by  the  grating  ae  seen  froa  the  slit* 

* the  width  of  the  slit. 

Then  the  intensity  in  arge/eso/unit  wavelength  which  reached  an  area,  d|dX 
of  the  file  in  the  ultraviolet  spectrograph  from  a length  of  alit,  dL, 
located  at  the  distance  x free  one  end  of  the  slit  ie 

%A,T  ^A,T  ?A  3,*  <$L  • ^ 

The  intensity  of  radiation  in  ergs/sec/unit  wavelength  from  the  chromosphere 
which  reached  the  same  area  of  film  is 


where* 


<$  Of  L ^ ft  a 
V !i T M 


<U) 


**  ergs/soc  in  wavelength  range  dX  emitted  uniformly  in  all 
di Tactions  by  a section  of  the  chromosphere  bounded  by  two 
parallel  planes  lying  in  tha  line  of  sight,  1 cm  apart,  and 
perpendicular  to  the  sun's  limb,  and  a third  plane  tangent  to 
the  moon's  limb  along  the  line  of  Bight. 

Qj,  - the  solid  angle  subtended  by  the  grating  as  seen  from  the  sun. 

L • the  length  of  the  chromospheric  section  which  is  imaged  with  a 
length  d / on  the  film. 
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m the  spectral  attenuation  of  the  atmosphoro. 

Equating  (3)  and  (Li),  we  get 

A f.«  u/re**^L  dL  ur,  /?  tAiX  sKr  JKr  Ax . <?> 

The  ratio  of  the  solid  angles  subtended  by  the  grating  from  the  taro 
sources  ia  equal  to  the  reciprocal  of  the  ratio  of  the  effective  distances 
squared*  The  effective  distance  of  the  grating  from  the  slit  is  equal  to 
the  focal  length  of  the  collimator,  fc.  If  we  call  the  distance  from  the 
tun  to  the  earth  H,  then 


SL  . (6) 

C 

The  ratio  of  the  length  of  slit  to  the  length  of  the  chromospheric  section 
that  hae  the  same  image  size  is  equal  to  the  ratio  of  the  magnification,  or 
the  ratio  of  the  effective  distances.  Hence, 


ii  -■  A 

L ft 
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From  (6),  (7)  and  (5),  »e  gat 
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The  total  energy  52itt',,i  in  a is  the  Intogr1*-!  of  (8)  over  the  line 


profile,  or 
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The  next  step  in  the  method  ia  to  evaluate  the  properties  of  the  col- 
limator, represented  by  terns  f\  and  75”>x«  ^X,T  already  known  as 
mentioned  above,  from  published  values.^-0  p\,  the  spectral  Attenuation 
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comes  from  Naval  Reoearch  Laboratory  data  already  described.^  All  the  other 
terms  are  known. 

In  order  to  evaluate  w«  used  a special  slit.  The  upper  half  of 

this  slit.,  as  shown  in  Figure  lb,  had  eight  stops  whose  widths  vailed 
logarithmically . The  lower  half  was  » mirror  eurfac*'.  Light  from  Lie 
upper  half  of  the  slit  formed  a collimated  beam.  A flat  mirror  placed  in 
this  beam,  as  shown  in  Figure  la,  reflected  part  of  the  collimated  beam 
back  into  the  collimator,  and  formed  an  image  of  the  upper  half  of  the  slit 
on  the  mirror  surface  of  the  lower  half  of  the  slit.  Light  frvai  this  image 
then  ro turned  to  the  collimator  mirror.  Hence  a portion  of  the  beam  merg- 
ing from  the  collimator  contained  light  from  both  the  upper  half  of  the 
slit  and  its  image  on  the  lower  half.  Only  this  portion  of  the  beam  was 
allowed  to  strike  the  grating.  The  image  on  tha  film  consisted  of  two 
separate  continuous  spectra  with  the  intensity  varying  in  steps  normal  to 
the  dispersion.  One  of  tha  spectra  was  formed  by  the  imago  of  the  slit 
which  had  teen  reflected  from  throe  surfaces  in  the  collimator.  The  other 
spectrum  was  formed  by  the  image  of  the  slit  which  hed  been  reflected  from 
nine  surfaces  in  the  collimator.  The  range  of  intensities  is  ouch,  that  the 
intensities  in  the  two  imagea  overlap.  At  points  of  equal  density,  at  U.u 
same  wavelength,  the  intensities  are  tha  same  in  the  two  images.  The 
intensity  which  produces  this  density  ic  proportional  to  > where 

n is  the  number  of  reflecting  surfaces  and  is  the  width  of  the  f*lit.  If 
wo  denote  the  multiply  refl acted  image  by  primes,  we  have 

W$  »•  Us' 
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thus  giving  us  the  deal red  evaluation  of  . 

li  should  be  noted  that  this  method  assumes  that  the  two  reflections 
occurring  at  the  flat  mirror  in  the  collimated  beam  and  the  mirror  surface 
on  tho  slit  are  equivalent  to  two  reflections  from  tho  focusing  mirror  in 
the  light  house*  ill  of  the  reflecting  surfaces  were  coated  with  the  sane 
material  at  the  same  time*  Any  differences  in  the  reflection  coefficient* 
should  be  due  to  contamination  of  the  surfaces  and  we  believe  that  such 
differences  were  negligibly  anall. 

lb  evaluate  7\tX  **  compared  tho  exposures  from  the  step  slit  with 
exposures  from  the  wedge-covered  straight  slit#  The  exposure  times  and 
lacp  temperatures  were  the  name.  pros  the  image  of  the  step  slit  we  plotted 
a curve  of  deneity  vs*  lo*.  >V a , ms  in  figure  2b*  The  lower  half  of  this 

curve  was  obtained  from  a set  of  exposures  taken  with  * smaller  aperture  in 
tlie  collimated  bees.  The  midtile  portion  of  the  curve  was  obtained  frew  the 
multiply-reflected  image  with  the  large  apartur*.  The  densities  in  the 
aultiply-roflected  image  were  plotted  at  a point  on  the  abBcissa  corre- 
sponding to  log  W„  * 6 log  fy  from  the  image  of  the  straight  slit  and 
wedge,  W6  plotted  a curve  of  density  vc.  the  distance,  x,  from  the  end  of 
the  slit,  as  shown  in  Figure  2a.  At  points  of  equal  density  on  the  two 
curves,  the  intensities  are  equal.  The  intensity  in  the  image  of  the  step 
elit  is  proportional  to  WB,  and  the  intensity  in  the  image  of  the  straight 
slit  and  wedge  has  tho  same  proportionality  to  trs'?'£jX<  Hence, 
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we  is  a constant.  At  a point  on  the  wedge  a distance  x from  the  end 
of  the  alit  the  density  con  be  read  from  the  curve  in  Figure  2a*  At  ths 
same  density  on  the  curve  in  Figure  2b  the  value  of  W8  ie  determined.  Both 
curves  have  been  plotted  at  each  wavelength  where  values  of  and 
were  desired.  Eaoh  curve  la  based  on  the  average  densities  measured  on 
five  separate  exposures  which  were  supposed  to  be  identical , but  which  show 
slight  variations  due  to  various  photographic  defects. 

We  have  now  reduced  j\  and  ?\>x  to  known  measurable  quantities.  The 
values  of  ^ and  and  the  optical  constants  of  the  lamp  for  the 
wavelengths  V3900,  X3800,  X37QO,  X36QO,  and  X3500  are  tabulated  in  Table  1 
in  the  Appendix.  The  values  of  log^^J*/e|^^€^*^-  ty  f* 
and  the  deneltieo#for  values  of  X and  x,  on  the  two  sets  of  0.3  second 
standard  exposures  are  tabulated  in  Tables  2 and  3 in  the  Appendix*  Each 
density  recorded  is  again  the  average  of  the  densities  from  five  separate 
oxpotiurea.  The  values  of  x marked  with  a prime  in  Tables  2 and  3 refer  to 
exposures  taken  with  a filament  current  of  30  amps.  The  unprimed  values 
are  for  exposures  with  a filament  current  of  36  ar.pt;  the  higher  current 
being  used  to  obtain  more  light. 

We  now  have  all  necessary  information  to  draw  an  absolute  character- 
istic curve  for  our  film  at  any  desired  wavelength  for  the  0*3  second  ex- 
posures* We  dc  this  by  simply  plotting  the  measured  densities  for  any 


* All  densitieri  used  in  this  report  aro  American  Standard  diffuse  densities 
unless  otherwise  specified. 
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given  X and  x against  the  calculated  value  of  log  given  In  the 

tables . 

From  this  characteristic  curve,  thus,  It  we  enter  measured  chromo- 
spheric or  coronal  densities  at  any  given  wavelength  we  can  read  direotly 
the  corresponding  absolute  intensity  per  unit  wavelength*  By  integration 
we  can  obtain  the  desired  total  line  intensities  from  measured  line 
profiles* 

If  these  characteristic  curves  accurately  represented  our  eclipse 
fiLna,  the  eclipse  photometry  would  sintply  represent  application  of  this 
technique.  However,  the  main  labor  of  our  photometric  problem  was  to 
obtain  from  less  diroot  information  characteriatio  curves  that  did 
represent  the  eclipse  films. 

We  encountered  some  perplexing  difficulties  as  a result  of  comparison 
of  the  two  different  lamp  intensities  corresponding  to  the  different  lamp 
currents  used*  In  the  0*3  second  exposures  two  different  currents,  30  and 
36  amps,  were  used*  Tha  30  axop  exposure  gives  the  lower  part  of  the 
characterlotic  curve  and  the  36  amp  the  upper  part*  In  the  two  seta  of 
exposures  thore  is  a good  overlapping  of  the  densities  in  the  straight 
line  portions  of  the  characteristic  curves*  The  observed  difference  be- 
tween the  values  of  log  ~ J at  equal  deneitieo  on  the  two  sets  of 
oxpoBorec  does  not  agree  with  the  difference  that  in  calculated  from  the 
Planck  function  and  the  value  of  $ and  T.  In  all  oaaea  the  calcu- 
lated differences  is  greater  than  the  observed  difference*  The  amount  of 
tills  residual  is  entered  in  the  last  rows  of  Tables  2 and  3 in  the  Appendix* 
The  values  of  log  entered  in  the  tables  for  the  36  amp  exposures  are 

the  computed  values  minus  one  half  of  the  residual,  and  the  values  for  the 
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30  amp  exposures  art  the  computed  values  plus  one-half  of  the  residual.  The 
residuals  seen  to  change  with  wavelength,  in  opposite  dlreotlone  in  the  two 
sets  of  standards,  and  the  average  values  are  different  for  the  two  sets* 

The  changes  with  wavelength  are  too  snail  to  be  considered  significant,  but 
the  change  between  the  average  value  for  the  two  sets  is  significant. 

This  same  sort  of  trouble  shows  up  when  the  0 .?  second  and  2,9  seconds 
exposures  are  compared  to  the  0*3  second  exposures.  The  2.?  seconds  ex- 
posures were  taken  at  yo  amp  and  the  0.?  second  at  33  amps.  The  difference 
between  the  values  of  log/^slfor  the  0,9  second  exposures  and  0*3  second 


exposures  is  not  the  seas  in  the  two  sets  of  standards.  The  difference  is 
again  of  the  order  of  0.10  in  log^jlj.  The  2.9  seconds  exposures  in  set 
B showed  an  obvious  non-uniform  illumination  of  the  slit.  The  discrepancies 
are  too  large  to  attribute  to  errors  in  the  Imp  constants.  The  taro  in- 
dependent calibrations  of  the  lamp  gave  consistent  results  and  the  current 
in  the  filament  waa  controlled  to  ♦ .01  saps*  The  values  of  that  have 
been  reported^®*  ^ considerable  variation  in  this  wavelength 
range  but  not  marly  enough  to  explain  the  differences.  The  feet  that  tne 
two  sets  of  exposure*  show  the  same  trends  in  the  0.3  second  exposures  but 
opposite  trends  in  the  comparison  of  the  0*3  second  to  the  0.9  second  ex- 
posures also  trguee  against  the  suggestion  that  the  constants  are  the  source 
of  trouble. 

Tne  only  other  possibility  is  a non-uniform  illumination  of  the  slit. 
There  ie  one  obvious  case  of  this  and  there  is  a chance  that  it  is  the  cause 


of  all  the  discrepancies.  When  the  current  in  the  filament  changes,  the  fila- 
ment expands  or  contracts,  and. in  doing  so,  it  changes  its  position.  It 
is  possible  that  these  changes  are  enough  to  cause  significant  changes  in 
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the  position  of  the  image  of  ths  filament.  The  slit  was  nearly  as  wide  as 
the  filament,  and  a small  motion  of  the  image  could  be  quits  eerier’*'  The 
image  may  also  have  been  moved  by  mechanical  disturbances.  In  order  to 
change  the  exposure  times  it  was  necessary  to  remove  the  housing  that  held 
ths  lamp  and  the  focusing  mirror.  After  eaoh  change,  the  position  of  the 
filament  image  on  the  slit  was  checked  before  the  final  adjustments  were 
made.  The  one  obvious  case  of  non-unifomly  illuminated  slit,  however, 
leaves  this  as  a strong  possibility.  The  resulte  of  these  discrepancies 
are  that  the  absolute  intensity  scale  la  uncertain  to  ♦ 0.10  in  the  log  of 
the  intensity  and  that  the  relative  intensities  between  the  different  ex- 
posure times  are  unreliable.  Fortunately,  the  image  of  the  coronal 
continuum  on  the  apoctrograma  offers  a means  of  getting  the  relative  in- 
tensities between  the  various  exposures,  so  this  trouble  is  not  serious. 


D.  Method  of  Determining  Characteristic  Curves  by  Use 
of  the  Coronal  Continuum  and  the  Data  Panel  Wedge 


As  pointed  out  earlier,  we  eoneidar  the  shape  of  ths  characteristic 
curves  obtained  from  the  above  standards  to  be  no  more  than  a first  approxi- 
mation to  the  true  curves  of  the  eclipse  films,  and,  indeed,  the  two  seta 
show  curves  of  slightly  different  shape.  The  variations  of  the  curves  with 

wavelength  v»e  consider  to  bs  reliable,  and  they  are  ths  seme  ir.  the  two 


sets.  Ths  absolute  Intensity  scale  at  the  middle  of  the  straight  line 
portion  of  the  curves  should  be  reliable  to  + 0.10  in  the  log  of  the 
intensity.  Fortunately,  duo  to  the  standardising  methods  used  at  the 
eclipse,  the  shape  of  the  true  eclipse  characteristic  curve  at  one  given 
wavelength  can  be  determined  entirely  Independently  of  the  standard  ex- 
posures of  the  above  section. 
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If  the  data  panel  wedge  on  the  ultraviolet  spectrograms  had  been  unable, 
this  approach  would  have  been  straigh  tfcnrard.  Since  no  ultraviolet  wedges 
were  usable,  th«  approach  wae  indirect)  we  uaed  one  of  the  two  available 
alternatives  for  building  up  the  characteristic  curves* 

Ono  procedure  ie  to  consider  each  pair  of  corresponding  points  In  the 
two  iiaagee  (one  strong  and  one  weak)  of  each  spectrogram  as  a wedge  of  two 
stops.  This  multitude  of  wedges  can  then  be  combined  to  give  the  equivalent 
of  a wedge  with  many  steps.  This  procedure  ie  complicated  by  the  irregular 
operation  of  the  shutters,  the  large  ratio  of  inteneiti.ee  between  the  two 
Images,  and  the  superposition  of  the  coronal  continuum  from  the  primary 
inage  on  the  secondary  image.  These  complications  make  the  determination 
of  the  character! otic  curve  by  this  method  very  difficult  and  laborious# 

The  other  alternative  io  to  use  the  data  panel  wedge  on  the  visible 
spectrograms  to  determine  the  characteristic  curve  at  one  wavelength  for 
the  visible  film,  and  then  to  use  this  curve  to  construct  the  curves  for  the 
ultraviolet  films.  This  procedure  ia  not  nearly  so  impossible  as  it  might 
seem.  The  oectrul  region  XX  5100-1900  is  eoasson  to  both  visible  and 
ultraviolet  spec tregrase..  and  the  transaissioo  range  of  the  filter  used  in 
the  formation  of  the  Image  of  the  step  wedge  was  XX  5200-1*700.  The  wedge 
then  HLv««  a characteristic  carve  accurate  in  the  vicinity  of  Xli900*  We 
can  use  this  curve  to  determine  the  relative  peak  Intensities  of  several 
lines  near  this  wavelength  on  a given  visible  spectrogram*  These  same 
lines  on  the  ultraviolet  spectrogram  exposed  at  the  mow  time  then  serve 
as  a step  wedge  from  which  the  aharaoterlotio  curve  at  X1900  on  the  ultra- 
violet spectrograms  can  be  obtained.  The  random  errors  would  be  large, 
but  there  are  enough  pairs  of  opeotrograas  and  enough  lines  to  average  out 
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these  errors  safely* 

Another  oothod  of  transforming  this  characteristic  curve  for  the 
visible  spectrograms  into  the  characteristic  ourvee  for  the  ultraviolet 
spectrograms  was  suggested  by  Dr*  Evans.  The  coronal  continuum  bordering 
the  darker  i mag*  of  the  spectrum  la  an  outstanding  feature  of  both  the 
ultraviolet  and  visible  spectrograms*  The  importance  of  this  continuum  was 
not  fully  realised  in  the  design  of  data  panel  system,  and,  as  a result, 
the  etep  wedge  and  moat  of  the  clock  images  in  the  ultraviolet  were 
completely  useless.  At  first  sight  it  appeared  that  the  contimuia  had 
almost  completely  destroyed  any  hope  of  getting  an  accurate  characteristic 
curve  for  the  ultraviolet  spectrogram.  Further  consideration,  however, 
showed  that  the  continuum  is  extremely  valuable,  both  as  3 means  of  getting 
the  characteristic  curves,  and  as  a means  of  comparing  intensities  in  the 
different  exposures* 

Each  monochromatic  image  of  th*  eclipsed  sun  would  show  as  a ring  of 
light,  looking  something  like  the  imago  of  the  green,  \5>93*  coron«  on  the 
visible  spectrogram  in  plate  2.  Itfhen  these  images  arc  dispersed,  along 
too  line  of  contact,  each  point  in  th*  spectrogram  receives  light  from  all 
of  the  overlapping  images*  Along  the  line  of  contact  the  dispersion  is 
nora&l  to  the  sun**  limb,  and  the  affect  of  tha  overlapping  images  is 
relatively  small*  At  points  on  the  moon's  limb  + ?0°  from  the  line  of 
contact  tiie  dispersion  is  parallel  to  the  limb.  In  this  case  the  effect 
of  the  overlapping  Images  is  pronounced,  The  net  result  is  an  intensity 
distribution  in  the  continuum  normal  to  the  dispersion  similar  to  that 
shown  in  Figure  3«  The  intensities  inside  the  moon's  diene ter  change  during 
tha  eclipse,  reaching  a minimum  near  the  middle  of  totality* 
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Outside  of  the  Boon's  diameter  the  intensities  srs  independent  of  the 
position  of  the  soon,  and  during  the  short  time  of  the  oollpse  they  should 
be  constant*  The  fact  that  this  source  is  constant  throughout  the  eclipse, 
and  that  it  is  a continuous  spectrum  of  known  spectral  character,  as  dee** 
cribed  below,  renders  it  a suitable  standard  by  means  of  which  we  o&n 
transpose!  tha  characteristic  currs  at  VU9<X).  to  any  desired  wavelength* 

Since  the  lias  cf  dispersion  is  along  the  line  of  contact®,  tb#  *ami~ 
bus  ?t  the  edge  of  the  moon  is  the  same  distance  from  the  center  of  the  sun 
in  ell  of  the  epee  tro grama,  and  it  oan  be  used  ne  • convenient  reference 
point*  The  intensity  at  & given  point  in  the  i«ago  of  the  spectrcgrca 
the  sum  of  the  intensities  from  the  overlapping  Jbcages*  The  intensity 
contributed  at  each  wavelength  is  % ho  integral  of  the  monochromatic  inten- 
sity along  the  line  of  eight  at  a point  in  the  imago  of  tha  corona  which  i* 
represented  by  the  point  on  the  spectrogram.  Since  this  point  on  the  spec 
trogrsm  i«  at  a different  position  relative  to  eaoh  wavelength,  each  wave- 
length is  represented  by  a different  region  of  the  corona.  The  ow^plex 
rnxtura  of  this  imags  does  not  seriously  limit  its  usefulness,  however* 

The  intensity  «t  any  point  in  this  image  of  th®  continuum  depends  only 
on  the  intensity  distribution  in  the  corona  and  the  dispersion  of  tha 
pectrograph*  Both  theory^  and  observation^  indicate  that  tha  coronal 
continuum  is,  except  for  absorption  lines,  a reproduction  of  the  photo- 
spheric  continuum*  In  the  inner  corona  it  arises  from  scattering  by  free 
electrons,  and  in  the  outer  corona  it  arises  from  scattering  and  diffraction 
by  larger  dust  particles.  Regardless  of  its  origin,  however,  the  observa- 
tions indicate  that  the  continuum  is  the  same  color  at  all  heights*  This, 
of  course,  implies  that  the  continmm  intensity  is  the  same  function  of 
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wavelength  at  all  point*  In  tha  corona.  If  thi*  ia  true,  than  the  ratio  of 
the  intenaitiee  at  two  point*  at  a given  wavelength  in  the  image  of  the 
corona  ia  the  t&m  aa  the  ratio  of  intensities  for  two  points  at  the  taste 
heights  firtss  the  edit*  of  the  moon  at  a ny  other  wavelength,  regirdless  of 
the  dispersion  of  the  spectrograph.  If  the  intenaitiee  in  thle  image  of 
the  corona  nan  be  Measured  at  one  wavelength  on  aiy  spectrogram,  then  the 
image  oen  be  need  as  a continuous  wedge  froa  which  part  of  the  character* 
lstAo  curve  can  be  obtained  at  an/  wavelength  on  a ny  of  the  spectrogram* 
where  the -isteg*  is  dark  enough  to  be  of  use. 

In  particular*  can  u*«  the  eberecterlatic  curve  stained  fna  ttw* 
data  panel  wedge  on  the  visible  spectrograms  to  measure  the  relative  in- 
tensities ee  a function  of  tr.e  diatence  from  the  maximum  in  the  image  of 
the  corona  &t  XhS’OO  nn  the  visible  spectrogram.  These  relative  intensities 
can  then  b*  u«sed  +o  plot  the  oh  a router*  otic  curves  for  the  ultraviolet 
spectrograms  at  sw  desired  wavelength  from  microdengitoilietor  tracings  Of 
the  con L' > uU**i  that  wavelength* 

The  image  of  the  step  wedge  in  the  date  panel  on  the  visible  apeotro- 
grtaa  is  in  the  outer  edge  of  the  -coronal  continuun.  The  Intensity  in  the 
image  of  the  corona  ia  negligibly  small  tempered  to  the  Intensity  fret*  the 
b.irh  transmission  end  of  the  trades,  but  on  the  lew  transmission  end  of  the 

*#*  mm  m 

wedge  it  is  a large  percentage  of  the  total  intensity.  In  order  to  get  an 
acourate  characteristic  curve  from  this  image  of  the  wedge  the  contribution 
of  the  oontinuus  must  be  evaluated.  It  ia  possible  to  do  this  by  comparing 
the  images  of  the  wedge  in  any  two  of  the  0*3  second#  0*6  second#  Q*9 
second  end  2.9  seconds  exposures,  the  total  Intensity  of  the  light  st  a 
given  step  in  the  wedge  is 
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wb*rs  ?a  ie  the  intensity  of  the  light  lUcsdaating  the  atep  wedge,  f ie 
the  green  *f-*ouler  density  of  the  etep  end  Ifl  ie  the  intensity  of  the 
ccntinuu*  For  *n  inego  with  a different  exposure  tiae  the  **m  density 
*r*5.t  hs  fow>i  it  » different  step.  Thia  density  Iff  prvduaed  by  «a 

intensity 

Si  - X.  A»  ^ . w 

i£  we  1st  e represent  the  ratio  of  the  exposure  lists s corrected  for  the 
NrGiprovi*/  failure,  then 
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Solving  these  three  aquations  for  a,  wo  get 

AT  4*  *. 
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Equation  (15)  oan  be  written  for  any  density  wbioh  is  in  the  range  covered 
by  both  exposures.  If  we  choose  a second  point,  then, 


r t «»*  y 
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Frew  (15)  and  (16),  we  gat 
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Ihe  value  of  *2.  ie  quits  ssnsitivs  to  arrorji  in  tho  quantitiaa 
. *o 

( y,  but  it  can  bs  detarminsd  for  a large  nuwbsr  of  points 
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DIRECTION  NORMAL  TO  DISPERSION 
FIG.  S VARIATION  OF  INTENSITY  NORMAL  TO  DISPERSION 


GREEN  SPECULAR  DENSITY — 

FIG.  4 ILLUSTRATION  OF  METHOD  OF  COMPUTING  Xc/tj 
FROM  IMAGES  OF  OATA  PANEL  WEDGE  IN  VISIBLE 
SPECTROGRAMS. 
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and  the  average  value  used*  Equation  (1?)  essuaas  that  is  constant 
throughout  the  length  of  the  wedge.  iJessureasent*  of  the  continue*  at  the 
two  ends  of  the  wsdge  show  that  thla  la  Terr  nearly  eo*  l^uatlcc  (17)  alto 
as^uaes  that  *•  the  east  on  all  speotrogreas.  The  leap  current  vat 

Vi 

accurately  controlled;  eu*x  iherefore,  X-  te  casaidered  constant*  It  was 

pointed  out  above  that  Iq  is  also  constant* 

Figure  a illustrate  a the  Method  of  computing  ;J|>*  The  diffusa  densi- 

- *o 

ties  in  the  steps  of  too  of  the  laages  of  the  sedge  with  different  exposure 

tines  are  plotted  against  the  green  specular  densities  of  the  slaps  ca  the 

original  wedge.  At  two  pairs  of  points  of  equal  density  on  the  two  cm*?** 

the  valued  of  10"  \ IflT^ * 10 f ^ and  lOT^*  o&n  b*  read;  and  £&  computed 

frow  equation  (17).  The  avenge  value  of  obtained  fm  1$  §#  tormina  Won* , 

is  0.036  ♦ 0.C01.  in  calculating  *c  wa  usaS  pairs  of  points  which  covered 

c 

both  large  and  snail  differences  in  density.  We  obtained  the  final  euro 
by  plotting  the  diffuse  densities  of  the  steps  in  the  wedge  inage  as  osdl** 
nates  and  log  (10“  ^ y&)  as  abscissas*  The  plots  frow  the  dif fersnt  ate- 
postures  are  ooabined  into  a single  curve.  The  data  for  this  curve  are  is 
Table  U In  the  Appendix* 

Shea  the  curves  fron  the  different  exposure  tines  ars  c cabined,  the 

overlapping  portic.ua  agree  very  well.  This  would  not  be  the  ease  if  the 

value  of  *«  was  in  error  by  any  significant  aeount  because  the  overlapping 

I 

part  of  the  curve  free  the  shorter  exposure  is  Independent  of  and  the 
overlapping  part  frea  the  longer  exposures  is  very  sensitive  to  the  value 

of  feT 

IT 

MlorodensitoMter  tracings  were  Bade  of  the  coronal  continue*  at 
XitpOO  on  eeven  of  the  risible  spectrograms  which  showed  no  signs  of  blurring 
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or  fogging*  jhn  relative  intensities  obtained  /rws  thee*  tracings  and  the 
visible  characteristic  cu nr*  are  entered  in  Table  $ in  tha  Appendix.  7b* 
values  for  the  seven  speotrograns  war*  averaged,  and  the  averages  plotted 
against  height.  Tha  average  value  was  than  given  Mall  corrections  to  ask* 
tha  points  folio*’  a eacoth  curra*  Both  tha  averages  and  tha  aasoothod 
averages  ara  in  TtebXa  5* 

The  individual  intensities  for  each  pair  of  height*  obtained  tram  tha 
ejpeotrc&xaa*  do  not  aha*  aignlfioantlr  Santa  departures  tram  tha  noan.  Tha 
scatter  1#  wall  within  tha  limits  of  tha  aaoaraejr  of  photographic  photo*  ~ 
we  try*  The  relative  intensities  on  tha  ^eetrogra**  of  different  exposure 
tiaaa  are  baaed  on  diffs?rs.n+  regions  of  the  visible  characteristic  curve* 
end,  in  fact,  Include  *11  of  the-enrv*  up  to  dooaity  ef  1.85*  The  foot 
that  tha  value*  era  relatively  constant  throughout  the  whole  rang*  of  ax- 
power**  indicate  a that  tha  visible  characteristic  curve  is  not  algnlfi- 
oantly  la  error* 

U±crod*n*ttcs*ter  tracings  of  tha  coronal  continues  on  tha  ultraviolet 
opaotrograuB  war*  nada  at  X3900,  \38«X,  \3700,  X3&x>,  and  \3|500.  X3700  wa* 
traced  on  all  of  tha  apaetrogmss*  and  the  others  on  three  spectrograms* 

Tha  densities  obtainad  fro*  that*  tracings  are  tabulated  in  Table  6 in  tbs 
Appendix*  Tha  inagaa  of  tha  noon  on  the  ultraviolet  and  visible  spectre- 
grans  at®  to*  »i»e  $1**$  and  the  relative  intansitiea  asaamwd  in  tha 
visible  apply  to  points  tha  mum  distance  treat  the  edge  of  tbs  noon  in  tha 
ultraviolet  continiumw  The  band  of  oonti&mse  between  the  two  images  of  tha 
spootru*  was  used  on  both  the  visible  and  ultraviolet  pistes.  The  continues 
on  the  opposite  liab  of  the  sun  was  avoided  btoause  tha  standard  exposures 
showed  evidence  of  vignetting  near  tha  edges  of  the  fils  gate  in  the 
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ultre violet  ease r*.  TV#  eonti xmm  betv**n  the  taro  laagas  it  in  the  oer.tor 
of  the  exposure  where  it  it  fro#  fro*  try  danger  of  vi^net^ing,  end  lot* 
ept  to  bo  affected  by  irregular  abutter  eetion.  Tb*  eontimna  rra*  tbs 
portion  of  tht  ttoendtry  exposure  in  aide  of  tho  moon5 a diameter  it  added 
to  thla  oentinuum*  However,  tba  intensity  in  too  sesond&ry  e&poaurt  ia 
only  about  IS  of  the  intoaaltor  in  the  primry  exposure*  sd&oo  only  relative 
intoneitiaa  era  used,  it  Xarftly  oanoola  anyway*  The  oontimma  in  tht  out- 
side odea  of  the  aeooodary  exposures  ia  below  tht  threshold  sensitivity  of 
tho  film*. 

Tho  Motion  of  the  cuma  freat  tho  various  spectrograms  art  ooarbinod 
into  a ringlo  ourrt  at  each  wavelength  by  ahlftHny  tho  aurroa  at  oonatant 
density  until  thsy  overlap*  Tht  tracings  at  X3li£>  end  X3S50  »m  used  to 
aid  in  drawing  tht  to#  of  tht  curvet*  Tht  highest  densities  in  tht  oontAcuum 
aro  about  2.U5*  tho  atooag  ohromoepherlo  linea  on  the  primes?  image  erased 
thia  density*  In  order  to  oxtand  theupper  and  of  the  surras  vt  measured 
tht  rolativo  intensities  at  tho  peaks  of  several  of  the  Balmer  lines,  from 
Hiorcdanaltomotor  tracing*  of  tho  eeocttdaty  inagwo  on  tht  spootrogroms  and 
the  previously  dote  rained  portion  of  tho  ultreriolat  oharoetariatle  ourvss 
at  tho  mm  wavolanttha*  Wo  then  plotted  tho  denaiiisc  of  tht  peak*  of  the 
ekucs  liiwe  at  t*s«  seas  point  or.  tbs  li-b  in  the  priory  imago  egainat  tho 
lotaritha  of  tho  relative  intensities  obtained  from  the  secondary  image. 

Thia  portion  of  the  curve  w%s  then  ahif tod  at  oonatant  density  until  it 
joined  the  othtr  curve.  She  too  Motions  of  tho  curve  joined  aaoothly*  If 
tho  previously  determined  portion  of  tht  curve  m of  tho  wrong  shape*  the 
two  saotiona  would  not  hava  had  tho  asm*  s3op«  where  they  joined,  and  they 
would  not  hava  jolaad  amoothly.  The  date  far  tha  top  of  the  X3700  curve 
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are  sham  In  Table  7 In  the  Appendix.  The  top  of  tfc*  \& 00  and  X380Q  curve" 
ware  aaeosed  to  b*  parallel  to  too  X3700  turret  Actually,  tola  portly  of 
too  0 arras  w«e  nob  needed,  because  tha  ataronger  linas  wart  also  recorded  to 
tot  secondary  toagea. 

Figure  5 ia  * plot  of  the  charactorlstio  ourvas  obtained  at  fiv*  oare- 
lengths  to  to*  ooronal  oontlmiua*  to  avoid  confusion  only  too  point®  for 
the  X3700  mure  have  boon  plot t«d»  The  ralativa  position*  on  tot  log 
•oala  hava  baan  datamtoed  from  tha  standard  exposure** 

In  Figure  6 tha  too  sots  of  standards  and  ths  coronal  continues*  curves 
at  V3700  ara  compared.  13m  diffaranocs  batoasn  tats  A and  U todioated  the 
extend  of  our  failure  to  duplicate  conditions  on  two  relatively  olosa 
occasion*  *t  Boulder,  and  suggested  that  our  ohsnoas  of  dj^lioattog  tha 
conditions  at  Xh&rtoua  wens  not  vary  good.  Kvvsrthslses,  except  for  tha 
low  density  and  of  tha  curves,  tha  ganaral  agreasssnt  was  exceptionally 
good*  Theirs  canals,  bo  ttuah  doubt  about  tha  shape  of  tha  ourvas  abora  a 
iktMZW  of  » £,  ini  thay  all  shew  tha  scs«  change*  to  shop*  with  wavelength* 
the  only  region  where  tha  ourvas  trm  tha  coronal  aonttouen  required  an 
additional  oonfiraatdon  was  below  densities  of  0.$. 

Fortunately,  this  was  not  Surd  to  do*  Xt  has  already  baan  pointed  out 
that  when  tha  low  density  end  of  these  curves  was  used  to  ocneiruct  tha 
high  density  and  of  tha  curves  from  tha  too  toagds  of  tha  epsotnm  a vary 
good  fit  was  obtained*  If,  on  the  oihsr  hand,  w*  did  the  sans  thing  with 
tha  characteristic  curve  frees  tha  standard  exposures  mad*  to  Boulder,  the 
upper  and  of  tha  curve  obtained  was  much  too  ateap  to  join  the  previously 
dotarainad  lower  and*;  As  soon  as  tha  Boulder  standards  ware  oceplatod  we 
suspected  same  such  troubls  because  the  clear  flta  danaitiea  on  ths  eclipse 
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films  in  unoxpcsed  regions  wm  0 .23*  wfcenc&s  the  els***  file  densities  in  the 
Boulder  HiantJjRrtle  was  only  Osll*,.  X ho  #«a#  result c were  found  in  the  visible 
ej^ctrograae.  This  in  e large?  difference  than  os*  would  aspect  ,froa  pro- 
cessing alone,  and  there  no  e-rldence  in  the  spectrograms  of  enor&h  scat- 
tered light  to  cause  it.  It  mb?  perhaps  here  ro suited  from  dufertooes  in 
the  physical  conditions  of  the  file  at  the  two  tiauie  or  firm  ivw  sort  of 
oheadeal  fogging*  In  any  arrant,  the  toe  of  the  curves  fraa  the  Boulder 
standard  exposures  was  each  too  1 ear,  and  the  curves  fm»  the  coronal 
oontimuai  eovs  to  he  approaching  aeqrantoUoelly  to  a value  vary  does  to 
the  eclipse  dear  film  value  of  G.23*  Another  argument  supporting  the 
validity  of  the  toe  of  the  curve*  tram  the  eor«w&  continuum  la  that  the 
method  used  to  oonstruet  the  eurree  requires  thet  if  the  toe  poeeeeeed  too 
low  a elope,  no  also  would  the  straight  line  portion.  However  the  straight 
line  portion  agreed  very  well  with  that  date  rained  in  the  Boulder  standards* 
The  absolute  intensity  seals  for  the  characteristic  curves  obtained 
free  the  coronal  ocatlnuum  wee  deterained  by  Batching  the  straight  line  por- 
tion of  these  curves  with  the  straight  line  portion  of  the  etandaa<d  Boulder 

a 

exposures  derived  as  described  in  the  previous  section*  Since  the  proceseing 
and  exposing  conditions  were  well  controlled,  this  aatohinc  of  the  curves 
should  not  have  introduced  any  significant  errors,  the  curves  plotted  in 
figure  $ include  corrections  for  atmospheric  absorption,  differential  fll» 
sensitivity,  end  differential  reflectivity  tram  the  mirror  surfaces* 
the  characteristic  curves  thi  s derived  are  exactly  comparable  with 
those  we  would  have  obtained  if  tt  ? standardisation  process  had  operated  as 
initially  intended*  We  believe  that  these  ourves  are  fully  as  reliable  ae 
any  we  sight  have  obtained  by  the  sac  re  direct  method,  had  it  succeeded. 
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1?.  TiDUIATIQN  OF  WTEKSmiS 

The  denaltlce  in  th«  pritaary  Isagos  e.i  u ? ultraviolet  epsjotra  r^nga 

free  1*2  to  3*0*  In  the  second*  ry  iaage  th*  denaltlea  rarngo  trm  0*26  to 
3-0.  The  fils  stars cteristlu*  are  such  that  tha  ohoto&efcry  la  reasonably 
reliable  np  to  danaltlsa  of  about  2.8.  Kona  of  the  aowmxa  eeataareial  micro* 
deceit  see  tare  alii  giro  an  accurate  aaasure  of  such  high  densities  * 
reasonable  alii  siso  and  speed*  The  wlcropho  toaster  which  ban  bean  built 
for  this  purpose  *t  the  High  Altitude  (fc  serve tory  will  do  this  in  * vary 
satisfactory  a*nn«rf  but  It  was  nsoassaxy  for  ua  to  do  part  of  tha  reduction 
work  before  this  instrument  vaa  ocaplafcad.  fo®  only  other  instrument  which* 
to  our  teOBrlBiiga,  will  (fl  *e  satisfactory  tracings  of  these  very  danea 
apaetrogramo  la  tha  aierodonoitoaatar  at  tha  Mctath-Hulbort  Obearratory. 
Through  tha  generous  cooperation  of  Dr.  Jfctath  and  tha  staff  of  tha  MaK&ttr* 
Halbert  Observatory  this  inatnaant  was  made  available  to  u«  for  our  work, 
ill  of  tha  results  described  in  this  report  ware  obtained  from  the  tracings 
aids  at  tha  lfofttath~Hulbsrt  Obssrratory* 

Tha  spectrograms  ware  traced  with  a rectangular  slit  2^  by  225^* 

With  this  six*  of  slit  the  grain  structure  In  tha  filft  is  evident  on  tha 
tracing*  hut  not  to  tha  axtsnt  that  it  requires  *ny  appreciable  smoothing 
of  tha  line  profiles,  A longer  slit  could  not  ba  used  baoauos  of  tha  larga 
irreguXaritias  in  the  aeon' a profila.  Tha  aagnifioation  between  tha 
tracings  and  tha  spectrograms  is  X6$x.  Sines  tha  di spar cion  of  tha  spectre* 
graa  i*  ?•$  A°/®*»  tha  dispersion  of  the  tracings  is  .0h5  A/toa  or  1.15  A / 
inch.  Tha  slit  width  corresponds  to  0.15  A,  and  the  length  of  the  slit 
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covers  a strip  of  chromosphere  22,5)00  kn  long  or  about  l.p°  at  arc  on  the 
lisb. 

Two  points  on  the  east  liab  at  second  contact  were  traced  or  ail  of 
the  ultraviolet  spectrograms.  The  tracings  extendi  from  k}900  to  X3J&0* 

They  include  the  hydrogen  Balasr  lines  from  Hg  to  HM,  and  the  Balaer 
continuum  fras  V>6U7  to  \3$00*  The  tea  do  lots  traced  are  marked  "a"  and 
"b"  in  plats  1*  Point  a Is  at  a heliogxcphio  position  angle  of  670  and 
point  b at  6£o.  This  region  of  the  sun's  listb  shewed  no  bum  of  pruui- 
iMffsos  activity  either  during  the  eclipse  or  during  the  days  ia»*dittel y 
f»*3 lowing  and  preceding  the  eclipse.  The  red  and  green  coronal  llnaa  ware 
at  a loir  intensity  at  these  position  angles,  bat  there  was  a moderate  maxi- 
mum in  the  screen  line  at  75°#  and  • -**ak  maximum  in  the  red  line  also  at 
75° • However,  since  these  regions  tiers  not  large*  and  the  main  center  of 
the  coronal  activity  had  passed  the  east  limb  one  or  too  days  prior  u>  the 
eclipse,  the  chromosphere  at  theae  position  anglse  should  be  reprcsentavlvw 
of  ti»s  quiet  ettremoeph«re»  It  would  be  desirable  to  hate  tracings  at  at 
least  one  other  point  on  the  east  lisb  which  i*  far  enough  removed  free $ the 
other  points  to  be  independent  of  any  local  peculiarities  that  might  be 
praaant  in  the  chromosphere  at  these  points*  this  was  not  done  at  the 
Malta  ti>-Hulbert  Observatory  bsoause  the  slit  in  the  miorodenci  tome  ter  oouXd 
not  be  rotated*  and  the  pointe  near  the  line  of  contacts  were  the  only  ones 
where  the  slit  was  parallel  to  the  ehroaoephsrio  oreecente* 

The  relative  notion  of  the  isoon  projected  on  the  sun  was  269  kms/sao 
along  tha  lira  of  oontaota*  Both  of  the  points  considsred  are  so  dost  to 
the  line  of  oontaota  that  this  value  can  ba  used  without  correction.  During 
an  exposure  that  las  tad  0*3  second  the  moon  moved  106  ka  relative  to  the  tun. 
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The  effective  height  for  **eh  exposure  was  wtuwd  to  be  the  point  reached 
by  th#  soon' a li*b  at  th#  eiddl*  of  th#  exposure*  Ibe  heights  are  neaeured 
fro»  th#  photo spheric  liab,  which  was  determined  by  plotting  th#  intensity 
of  th#  continuum  at  X3700  for  point  b against  th#  expo  euro  rrjs&cr  as  chcrs 
la  Figure  7*  The  point  at  which  the  slope  of  th#  curve  change*  moot  rapidly 
w»  considered  to  correspond  to  th«  11*0  cf  th#  eun.  The  point  of  sere 
height  wa*  selected  for  point  b at  exposure  number  3*0*  This  should  bo 
within  ^ 20  tee  of  th#  true  position  of  th#  edge  of  the  photosphere « Point 
a was  apparently  at  contact  before  any  u table  exposure*  were  obtained.  The 
noon  profile  pictures  show  an  effeotlve  difference  in  the  are rag*  elevation 
of  the  two  points  of  about  ?0C  km  when  projected  on  the  ohrooosphere.  Over 
the  length  of  the  & lit  the  extreme  variations  in  th#  noon  profile  project 
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*8  About  100  to*  la  the  chroaoap bora*  The  average  variation*  nr*  atucb  laws 
than  this,  but  they  are  enough  to  auk*  the  effaotlv*  difference  of  tb*  two 
point*  uno*rt*in  to  perhaps  ♦ 7$  ku* 

Another  a»tbo4  of  d*t»rai3titg  th*  difference  in  height  point* 

■r.  and  b Is  to  eoapar*  the  intcKisiti**  of  th#  ahrosoajiwrlo  lint*  with  1 surge 
height  gradient*  at  th*  two  points,  Bio  CM  bund  at  X38S3  1*  oonvaniont  for 
thl*  comparison.  Th*  exposures  cm  which  th*  bund  has  aim  &&&  intensity  at 
tho  two  point*  are  a«p«rut*d  by  6J0  ku*  A visual  inspection  of  numerous 
«*ak  linos  at  tb*  two  points  also  guru  an  average  difference  of  6 JO  tea.  Tbs 
650  tea  valua  vs*  adopted  as  the  difference  in  th*  affective  height  in  Aha 
ohraeesphere  for  tbs  two  points  on  the  sens  speotrogras.  13m  heights  as* 
signed  to  eaoh  epactregrsws  era  liatad  in  Table  2. 

Tha  tderod^sait^jseter  tracings  vara  converted  to  lint  intensities  in 
the  foil oeiits  fashion,  first,  tics  siorodsasitceiatar  tracing©  of  tb#  apootro- 
grans  were  eaXlbva tad  by  tracing  a stop  wedge  of  known  deaaltl**,  which  was 
printed  cm  tfe«  sw  aaulsion  a*  ths  Mpactrogron*.  The  calibration*  ware 
aad*  several  ti**i  during  tbs  trading  of  each  epootrogrea  so  that  eewsttieab 
sensitivity  sotting*  could  be  used  in  all  regions  of  tha  apactrusu  Tha 
density  in  a lias  profile  ms  read  every  one-sixth  of  an.  inch  on  the 
iraoiag*,  or?  * a oifesr  words,  ovary  0 *2  k 1«  the  *r.*etrua»  Tb*  densities 
ware  converted  to  intensities  by  swan*  of  tha  characteristic'  curve*  of  th* 
preceding  section,  and  rspiottad  on  a larger  scale,  line  profile*  ware  then 
drawn  as  aaooth  curves  through  the  point*,  and  the  areas  under  th*  curve* 
•ensured  with  a planJjaeisr.  Tha  area  under  the  curves  g av*  the  value  of 
the  lino  intensities  a*  expressed  by  aquation  (9) . However  these  lint 
lntensitl**  must  etill  ba  oorreotod  for  variations  In  exposure  tin®  and 


ihOM  oc  th«  ceoondory  tpeotre  wust  be  converted  to  the  tool*  of  the  prlatsy 
tpeatr*  by  applicaUcn  of  the  ratio  of  intensities  between  the  tec.  The 
method*  for  thee*  oorreotione  are  described  belw. 

If*  atteapted  to  twootfr  a tm  at  the  oteloue  defect*  in  the  tXi&t  bet 
wad*  no  attewpt  to  fore*  the  unblended  profile*  into  any  tori  of  a pattern* 
l&oept  for  the  obvieut  defect*  end  blende  with  other  lines  the  intensities 
at  each  point  are  taken  directly  ttm  the  ideroden»lton«ter  tracing*,  end 
th*  charaotorittio  our**  at  that  wavelength*  Tte  profiles  were  drawn  to 
Clew  the  beet  Moota  fit  to  theee  point# 4 In  t ho  oaeei  where  the  BA3»wr 
line*  were  blended  with  other  line*  in  euoh  a my  that  the  t wo  aw  not 
swtolvod,  the  Intensity  given  woe  the  tun  of  the  inteoeitisa  for  the  two 
lines.  In  the  Bolaer  lines  and  in  other  Balnar  lines  that  are 

close  to  not^Belser  lines*  the  wings  of  the  lines  an*  overlapped.  In  order 
to  separate  thee*  lines  the  continues  intensity  ft  wavelength  curve  was 
extrapolated  to  include  the  wavelengths  of  these  lines*  The  lines  were 
then  separated  by  extending  the  individual  profile*  of  the  lines  dawn  to 
the  extrapolated  oentimwss  in  msch  a way  that  they  have  the  mm  shape  as 
the  neighboring  Seiner  linse.  and  when  added  together  will  reproduce  the 
tracing.  The  blending  was  not  serious  enough  that  the  peaks  of  the  Uns» 
have  been  affected*  and  tbs  line  intend  Use  Obtained  in  this  way  or*  ooe*~ 
si stent  with  the  Intensities  of  the  rest  of  the  lines  in  the  aerie*.  Scssc 
of  the  series  line*  beyond  H^j  con  be  identified.  We  have  not  wads  & 
sysUnatlo  attempt  to  identify  these  lines,  but  a tentative  identification 
•hows  that  H36  is  definitely  discernible  on  tone  tptatragratts,  and  U37  It 
quite  probable*  All  of  the  terist  line*  beyond  K33  are  too  badly  affected 
by  blends,  and  reliable  intensititt  are  iqpostible* 
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Probable  error#  in  the  relative  intensities  obtained  m?  be  estimated 
by  examining  each  of  th*  fiv*  basic  steps  in  the  proaees  of  their  defceiad*- 
nation.  Thaw  five  a imps  are  the  following!  (1)  photographic  the  spectra*  $ 
(2)  Measuring  ihs  dsnti&e*  <m  the  *p*atrogr*B*j  (3)  converting  the  densi- 
tie*  to  lnt*n*iti»*  through  the  oheraetertstio  ouw»#{  (U)  drawing  the  in- 
tensity  profile*;  and  (5)  Measuring  the  treat  under  the  profiles,  There 
are  random  error*  in  ell  of  theee  step*,  but,  tb*  only  likely  ayeta^tio 
error*  art  oaused  by  error*  in  the  charts terletio  curve* » The  raodcsa 
error*  In  the  individual  stopo  are  hard  to  evaluate,  but,  at  leant  in  thi* 
oa*e,  the  error*  frost  the  last  three  »t ap*  are  sb«11  coopered  to  those  fra* 
tb*  flret  too  step*.  The  coat  serious  rands*  error*  are  osuaed  by  i nhoaso-* 
tensities  in  the  eraul&ion  and  other  defect*  in  tbs  spectrograms*  The  total 
randan  error  introduced  by  the  last  four  step*  oas  be  evaluated  by  repeating 
all  of  the  process#*  several  tin#*  for  a given  line,  or  two  or  three  tine* 
for  several  line*.  In  caking  the  tracing*  there  were  a wiy  curves  where  the 
same  line  on  * given  spectrogram  was  traced  two  or  three  time*  on  different 
occasion*.  Of  5U  such  cases,  the  difference  in  the  leg  of  the  in- 

tensity was  0.08,  and  the  probable  error  was  + 0.027  in  the  log  of  th*  in- 
tensity, Most  of  thi*  error  is  in  th*  microdenattos&ster  tracing,  and  th# 
biggest  share  of  it  c mss  free  esaall  difference*  in  th*  position  of  the 
ilit  on  the  spectrogram. 

Besides  the  random  error*  in  the  spacirogran:#  caused  by  defects  in  the 
emulsion,  there  are  random  errors  caused  by  defective  shutter  action  and 
other  instrumental  diffioultie*.  The  defective  shutter  action  doe*  not 
cause  randan  error*  in  th*  relative  intensities  at  on*  point  on  the  limb  in 
a given  spectrograM.  However,  whan  th#  intensities  at  tec  pointa  on  the 
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lim,  or  at  th*  Ms*  point  on  th*  llato  In  diff front  *p*«tregr*a*,  are  com- 
pared th#  daf*ctiv*  sbutt*r  notion  con  onus*  i*mg*  errors.  Fortunately, 
these  errors  ou  bi  evaluated  and  corrected.  The  docks  in  tit*  data  panel 
image  ware  placed  than  In  satxloipation  c£  correcting  irrort  -Tress  tht* 
source j Th*  dbeourlng  of  aost  of  the**  image*  by  the  coronal  continuum 
m«n* d,  at  first,  to  present  an  in*  uruovn  table  barrier  to  *rgr  attest  to 
evaluate  the**  or-rors.  Qr»»  again,  however,  the  corona  had  Barely  **.£>- 
stitutsd  sac* thing  better* 

As  sea  pointed  out  earlier  * the  image  of  the  corona  bordering  the  dark 
image  in  the  ftpeataregr***  la  trm  a source  of  constant  intensity  * The 
doaclty  at  a fixed  point  in  this  inage  is,  then*  a measure  of  the  total 

eaporare  at  that  point*  It  we  assun*  that  the  aspoeura  time  for  this  point 
in  the  corona  hac  the  tarn  ratio  to  the  exposure  time*  at  the  two  points 
a and  b in  all  rpectrcgrtwr,  than  m can  um  the  relative  exposure  in  the 
Image  of  the  corona  on  «won  *p*eiregres  to  correct  oll~lnten*itl*a  to  a 
standard  exposure.  Th«r*  io  prchably  earns  variation  in  the  ratio  of  tha 
exposure  tinea 'at  i*o  points- at  the  sane  wavelength  in  different  *pactro- 
grass**  but  this  variation  *a»  mall  ooaparsd  to  the  variation  In  total 
exjpotaro  U»«»*  Tha  relative  exposures  were  measured  at  four  point*  in 
the  1 sage  of  toe  corona  on  all  of  the  epeotrogreee*  in  all  oases  the  four 
point#  showed  the  uma  relative  expoaure  within  tha  accuracy  of  the  density 
reading**  Th*  average*  of  the  four  correction*  ma* saa*y  to  bring  ssoh  of 
the  exposure*  to  a otandard  0*3  second  exposure  ire  listed  in  Table  8 in 
the  Appendix,  and  it  la  thee*  v&lua*  that  we  used  io  correct  cur  computed 
inteneitias* 

To  convert  exposures  to  exposure  tines,  w*  ua*d  3shw*rB.schiid,  e 


reciprocity  lew1^ 

S * (18) 

v (tinting  the  total  axposure#  E,  to  the  intensity,  Z»  and  the  «i»s,  t.  toi* 
ler  can  be  used  to  calculate  fairly  accurate  values  for  tbs  exposure 
P has  been  detexstlosd  by  *bbukA«b  that  the  2.9  second « «i>  the  correct 
oxpooure  ti»e  for  exposure  nuatoer  23  k *hd  that  exposure  &**&>«?  9 was  0*20 
second  as  sham  by  the  clocks  In  the  date  panel*  The  sam  value  of  >»  is  used 
to  calculate  all  of  the  exposure  time*  The  calculated  tines  are  &*m  do 
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colum  six  of  Table  8 In  the  Appendix*  The  uge**&mt  of  these  iSxtss  for 
ths  six  cases  wh*rc  the  clocks  would  be  rend  was  very  (pod. 

It  should  be  noted  that  there  la  no  tendency  far  the  eorr^ctioei  to  the 
0*3  second  exposures  to  change  ayetas&ticeUy  with  tint*  A eaadl  systematic 
ofeange  would  be  aasked  by  the  scatter  in  the  corrections,  but  a change  of 
any  significance*  e*  would  occur  If  the  intensity  In  the  iaagv  of  the  eorcr* 
was  changing  sigotfioantly*  during  the  toHpee?  would  be  detectable.  3£@- 
pooure  number  19  should  h*v*  been  0*9  sacoadj  the  clock®  in  the  Infrared 
date  penal  sfew?  an  exposure  of  0*68  second*  and  those  la  ibo  visible  show 
0*58  ascend*  Thay  also  shear  * complete  cycle  of  0.7  ee^end*  and  not  i.O 
second  M it  should  here  been*  Thi«  perxorear.co  quirk  is  eowpletsly 
unexplained. 

In  order  to  rebate  the  intensities  of  th*  lines  in  the  secondary  to 
those  in  the  primary  issagau*  we  trust-  know  tfte  ratios  of  the  intensities  in 
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tbs  two  images*  Unfortunately,  this  ratio  was  not  the  «*zk  for  all  expo- 
cures  because  of  the  irregular  operation  of  th*  shutters*  The  ratio  can  bs 
date  ruined  for  each  apeotregraa  from  the  integrated  intensities  of  the  lints 

in  the  two  images*  If*  for  a given  spectrogram*  the  log  of  the  intensities 
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e?  tha  B«I mer  line*  are  plotted  againet  the  line  number*,  the  oyrwee 
obtained  free  th*.  two  images  are  separated  by  the  log  aS  th*  Intensity 
ratio*  In  most  easts  the  t wo  curve*  hurt  & ft*  linos  la  common,  and  there 
was  no  difficulty  in  Joining  ih*  two  curves*  The  values  obUiaeo  an  this 
way  are  so  to  red  In  the  laet  two  Q&xm*  of  Table  9 la  the  Appendix*  In  all 
except  three  eaese  the  valuas  w*ra  within  * 0,10  of  th®  average  vain*  cf 
2*10*  Th*  values  for  tho  two  points  «n  the  Us to  showed  slight  difference*. 
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Stoat  of  this  waa  undoubtedly  due  to  errors  in  mktohlnf  the  curve?'  The 
beet  **.y  to  apply  \neee  cerroeuona  to  the  line  IsteaaiUe*  ii  eoswwjsai  un- 
certain The  procedure  which  we  followed  i#  to  aerraot  *11  of  the  seoafek-ry 
i**g*  intent! tie e by  the  average  value  «f  S.lQplac  oats^haifef  the  rest- 
duel*  and  to  correct  the  primary  dark  image  intensities  by  minus  on*rha If 
of  the  residual,  or,  if  *11  of  the  lines  were  jswsurad  in  th*  ai&cttduy 
i*s»«e  the  srorege  correction  was  used* 

After  these  correction?  were  wade  the  log  of.  the  intensity  of  each 
line  «w  plotted  against  the  height  »t  each  point  on  the  lisfo.  lfc«r«  were 
no  arrant  differences  shown  by  the  date  irm  the  two  points  on  th*  lixb- 
In  each  case,,  however*  there  were  obvious  inwgulasdtx««  in  Mho  intensities 
on  a few  of  the  cpectrograas.  These  irregularities  showed  up  in  ell  the 
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lines  on  * given  bpoctrograa.  In  the  oases  of  exposure  numbers  d,  $,  and 
11,  the  intensities  In  the  primary  imago  were  too  low  and  those  in  the 
secondary  image  too  high*  In  the  oases  cf  exposures  12  end  lb,  the  reverse 
was  true*  This  was  quits  obviously  caused  by  an  incorrect  application  of 
the  correction  for  the  intensity  ratio*  In  all  of  these  eases,  if  ell  or 
most  of  the  residual,  rather  than  simply  half  of  the  residual,  was  used  to 
correct  the  inteneitlas  in  the  primary  image,  the  data  were  more  consistent, 
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and  in  the  a*  cases  the.  lull  residtiale  have  b®?n  "*td  to  maootiS  the  data. 
Thera  is  farther  evidence  that  tb*  residuals ‘we?&  aaifiiy  eauasd  by  the 
primary  teage*  Xf  all  of  the  intensities  in  the  ercor»4ary  ijssgao  mr*» 
corrected  by  th«  value  of  2*10,  the  line  iatwnaitiee  free*  the 

secondary  showed  * smooth  cunr*  with  v**y  little  scatter,  whereas 

ih*  intensities  in  the  primary  images  *rwwed  systematic  errors  similar  to 
the  residual*.  The  oases  in  which  ths  full  residual  was  need  to  correct 
the  pri%*rj  im&>  intensities  were  the  mss  which  6Jw*«d  the  mst>  serious 
systematic  errors* 

Xu  order  to  help  reduce  th*  uncert*anti«a  caused  fey  the  random  errors 
resaaining  in  the  data*  ths  intensities  from  the  two  points  on  the  iiM>  were 
combined.  this,  in  effect*  doubled  ths  number  of  cbs«r? ations.  It  is  true, 
of  eouras,  that  the  random  #m>r*  were  not  all  indopeisdent  in  this  ease* 
the  errors  which  resulted  from  defective  Gutter  action  ware  very  nearly 
the  *am  at  the  two  points  on  ths  limb,  but  the  two  points  were  at  consider- 
ably different  heights  In  ths  chromosphere,  and  when  the  data  were  plotted 
these  errors  therefore  appeared  at  different  heights* 

The  log  of  the  corrected  integrated  line  intensities  in  ergs/eec  are 
tabulated  in  table  2.  the  emission  wee  assumed  to  be  uniform  in  all 
directions,  and  wae  integrated  over  a slice  of  chromosphere  sounded  by  two 
parallel  planes  1 on  apart  which  are  in  the  line  of  sight  end  perpendicular 
to  the  0000*0  linb,  and  a third  plane  in  the  line  of  eight  which  is  tangent 
to  the  moon1  a limb.  Thee*  data  are  plotted  in  Figure  8.  The  scatter  in 
ths  data  resulted  from  random  errors  from  all  sources,  including  incorrect 
application  of  the  correction  for  the  intensity  ratio  in  the  two  images. 

The  scatter  was  appreciable,  but  the  observations  were  numerous  enough  that 
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there  esr*  no  ttgnifi<wuit  uncertainties  la  tk*  ourves.  Hoorn  of  the  corrections 
ue<w5a  except  thou*  for  the  long  exposure  tiiwa  of  exposure*  19,  Z2t  and 
ft.'  th*  §flft|>es  of  t ho  curves*  Indeed*  vdion  iha  dst*  were  plotted  wither 
eortneiioa*  «>t  til  they  still  clearly  dofins  the  «s»«  curias  that  *v*  sham 
la  Figurs?  8. 

The  intensities  «t  four  wavwlangths  In  the  Bi Omr  eootimwsi  and  outeids 
the  Balaor  continue*  it  X3700  are  Also  included  in  Table  2»  tto  have  tabu- 
lated both  tho  total  observed  coatlmnn  intensity  free  all  sources,  «ed  the 
total  intensities  ninus  the  intensity  at  V3700,  connoted  empirically  for 
the  changes  In  the  non-Balasr  cor.tinuua  with  WRVdlenjth.  Th»  variation  of 
this  non-Balaer  continual  with  wavelength  was  datemlned  fro*  the  ia&gt  of 
the  coronal  cor.hlmn»  bordering  the  primary  image  of  the  epeotrusu 

The  log  emission  re.  height  curves  of  which  samples  are  given  in  Figure 
6 were  drown  to  give  an  empirical  fit  %o  the  data*  In  all  oases  except  H31* 
Hjq,  and  the  data  are  fit  by  straight  line*  in  th«  higher  levels,  but 
in  the  lower  levels  the  curve*  Hatton  out*  The  discrepancies  in 
and  are  probably  caused  by  the  blind  of  Hjq  with  Ti  II.  Tm  lAr$z 
gradient  of  in  the  low  chrsstospher*  oonfims  the  result*  of  Cillis  sad 
ton*#!2,  that  the  ier4.*ed  assUOs  lists  larger  height  gradients  than  hydrogen. 

2V  • '• --V? -•*/•  * V',  '•  v ; • ■ . ...  . . y-  : . 'a&W* 

This  sacs  effect  is  reflected  in  the  two  neighboring  Allies  by  ike  over- 
lapping wings  of  K30*  Mg  i*  blended  with  He  1 and  sown*  to  exhibit  a height 
gradient  a little  swllsr  than  would  be  expected  from  the  gradients  of  the 
neighboring  lines*  This  is  also  consistent  with  the  lower  height  gradients 
for  He  found  by  Cillie  and  Uonsei*  In  addition  to  these  blende,  H2g,  %y, 

Hil*  *ad .Hjg  all  show  the  effects  of  blending  with  neutral  end  ionised 
metal  lines.  These  effects  show  up  strongly  ii  the  Balmer  decrements*  read 


fraa  the  ourvee  in  flours  8 a re  plotted  At  different  levels  In  the  lew 
eh?*s^  sphere*  Thn  eel»*r  <teowe«nt«  fru*  the  in  Table  2 sa§#  show 
th»e*  offset*,  h«t  thoy  era  herder  to  refto#!!*#  taeevee  of  the  imte  errors 

4a  Mm  data* 

Vm>  log  saiattion  tii*  height  ourves  «feor  a systsaetlo  dearsew  is  elope 
f*«a  Mm  higher  order  to  lower  order  liaea*  this  deamee  In  elope  iff  too 
large  to  Imp  &*  to  randan  errors  1a  the  data,  end,  as  win  fc#  *bow&  in  port 
?,  It  1*  very  aaUkeJy  that  It  la  Am  to  systematic  errors  4a  the  photo* 
Mtiy*  Bi4«s  difference  la  the  elopes  seen*  that  the  Belaor  deoteswat  is 
increasing  with  height*  There  setae  to  fee  os  tendency  for  the  height 
gradient!  to  approach  « oo aeon  value*  In  fast,  ill  of  the  line#  see*  to 
reaofe  their  wriaa  slope  at  fairly  low  levels  in  the  ohronoephere.  this 
point  will  he  discussed  further  in  part  VZ« 


eeseewsweieswsiwss»*iiw»*s>ee»eMewes^ueeie^w»ftU  men  m men arn^matmimmatmtmmmimmmmamr 

♦ the  3*ls»«r  decrement  le. defined  ««  log  £n/A(  share  n is  the  principal 
quantum  msaber  of  the  upper  level  of  the  transition* 
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?*  cowarison  m mmtTirn  with  protkws  cds muron* 

The  B&lisssr  doe  resent*  have  b«*n  measured  at  previous  eclipse*  by  Cillie 
a 04  Jtenael2,  'ifcacHwrey,^  and  Eisss  and  Humphreys*7 ♦ Thee*  ebaervsiloa* 
have  all  gl van  consistent  result*.  The  neat  oo«pl#t«  and  *»st  reliable 
<&U  are  there  of  Cillie  and  Hsnsal*  A comparison  of  w Banner  deorarents 
with  their*  i*  shorn  in  Table  3*  The  result*  of  Kits*  and  Humphreys  are 
listed  in  the  last  column  of  Table  3*  bet  the  height  to  which  they  apply  la 
tw&nom*  for  the  particular  sat  of  lines  chosen,  the  results  are  all  quite 
owrji latent.  In  general,  our  data  show  a larger  Balser  daeremant  In  the 
higher  levels*  Abort  1|&0  k»,  however,  the  previous  observations  are  quite 
apart*  and  no  adequate  comparison  can  be  aade*  Cill/*  and  Mens  el**  data 
show  uoadstaksbly  that  the  Belaar  dsorsswnt  is  Increasing  with  height,  but 
not  quite  as  fast  as  it  is  la  our  data* 

Over  a restricted  rang*  in  height*  h,  we  axpreao  the  observed  eaiasi on 
in  the  Balter  lines  as 

f*«  r„,.  e-'~A  (i9) 

there  Eh  and  p«  are  generally  different  for  each  line-  Xt  follara  that 

(Zm*~9'$GS  ttih  (20) 

• l A 

and  jSn  can  bo  readily  obtained  iron  the  curve#  in  Figure  3-  The  values  of 
|pa  at  two  heights  in  the  chraacsohere  are  tabulated  in  Table  % along  with 
the  values  obtained  by  Cillie  and  ltonswl*  Xh*  differences  between  the  1932 
data  and  our  data  are  quite  large*  These  difference®,  however,  are  dif- 
ferenoas  in  the  natural  logarithm*  and  should  be  divided  by  2*3  for 
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eoeparison.  CiXU*  and  Itonael**  results  ««s  obtained  Srm  tire  intensities 
that  have  difference*  in  log  ojC  about  0*£.  Over  the  ease  rang#  in 
height*  our  4 log  %n  1*  about  0*7*  Thi*  is  the  seme  direction  «.«  the 
dl fferewsa*  we  have  found  in  the  B*l»«r  dserewnts,  but  ibo  percentage 
differ*  r$a*  it  such  larger*  Therefore,  it  seens  unlikely  that  the  differ* 
enoea  are  entirely  doe  to  pbrihowtrjr,  and  there  Moat  be  cow  real  differ* 
ansae  in  throRosphario  structure.  ftwrrer,  part  of  the  difforsoeaa 
observed  could  ba  due  to  photewtrid  error*  in  either  aat  of  data* 

The  photowtxy  of  the  1532  data  la  bated  on  a eynton  scnewtiat  compara- 
ble to  our  standard  expeeu re*  However,  in  the  1538  data  no  correction* 

were  nad«  for  change*  in  th*  eharaotericUo  curve*  nth  wavelength  in  the 
range  XX  l»5QO»3100«  The  author*  point  out  that  any  errors  tricing  trm 
thi*  neglect  would  shoe  up  a«  systematic  differences  with  wavelength  of 
the  value*  of  0 for  the  Ratal  line**  Ho  such  tendencies  ware  noted,  and 
it  wae  concluded  that  the  neglect  we*  not  earl  cue*  Since  their  result* 
include  owny lines  in  which  such  *,  change  fiould  be  detect ad,  it  is  unlikely 
that  there  are  any  large  error*  troa  thi#  8ou.ro*.  On  the  other  hand,  it 
is  alec  unlikely  that  the  aura**  wauld  have  exactly  the  ease*  shape  over 
•itch  a wlda  wavelength  ranged  thin,  of  court*,  is  a property  of  the 
ewulsd m and  depende  upon  tha  particular  fil&n  In  fact,  the  differences 
between  the  i?5Z  and  1532  results  art  such  that  it  would  be  difficult,  if 
net  impossible,  to  correct  then  with  any  simple  dietortieft  of  a character" 
is  tic  curve,  and  therefore  the  observed  differences  wore  likely  represent 
real  differences  in  the  therwodynamic  structure  of  ths  chromosphere  at  the 
two  tines. 

Although  we  cannot  prove  conclusively  that  our  characteristic  curve* 
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are  free  fra a systoaatie  srrws,  there  1®  eensiderabX#  evidence  la  that? 
favor*  Soma  of  this  evidence  hat  beau  discussed  in  part  IV.  fte  shewed  that 
the  a»thod  of  owsfcruottng  the  curve* * u described  there,  gam  cnmt  that 
veer*  internally  oonaietoat*  Our  oeofideno*  in  the*  was  bolstered  by  the 
consistency  of  the  extra**  end*  of  the  curves,  which  m chocked  by  aeana 
of  the  relative  intensities  of  several  lines  in  the  two  inafee  of  each 
epeotrua*  Moreover,  fro**  this  *9  obtained  an  Intensity  ratio  between  the 
primary  and  eteondary  ivagee  for  eeleoted  (exposures  and  the  ratios  ao 
obtained  were  in  very  good  agreement  with  the  ration  obtained  independently 
fraa  the  latoRmted  line  intensities  on  the  ease  epeotrogrens*  This  is  a 
rigorous  cheek  on  the  internal  consistency  of  the  curves,  though  not 
necessarily  a cheek  cm  the  shapes  of  the  curves*  The  Boulder  standard 
exposures  show  dteagraewent  with  these  curves  in  the  regions  where  the 
Boulder  curves  am  known  to  be  in  error,  and  good  egreeaent  throughout  the 
stmljpit  line  pcrWv*  '«4  high  density  ends  of  the  curves  where  they  ere 
(ears  likely  to  ha  correct*  This  i#  perhaps  not  s dear  awacnstrettoR  of 
accuracy,  but  it  at  least  strongly  corroborates  the  curves* 

Them  Is  ws  other  consideration  that  shows  both  consistency  end 

? • 

accuracy  in  cur  curves.  The  intensities  of  the  lower  order  lines  %»&{£ 
were  iwerorad  in  all  os  sea  in  the  secondary  linages*  In  the  early  exposure# 
the  line  densities  lay  in  all  parts  of  the  curve  except  the  toe*  In  the 

. ' " . * , .•  ':vr.  . 

later  exposures  the  done!  ties  lay  lower  in  the  curve,  in  the  straight  line 
portions  of  the  curve  and  all  parts  of  the  too  earn  the  extras**  end*  On 
the  other  hand,  in  the  higher  order  lines,  say  the  intensities 

were  measured  in  the  secondary  iaagee  in  the  low  chroaosphare  and  la  the 
primary  inages  In  the  higher  chroaoephera*  The  result  is  that  in  the 


early  exposures  the  densities  in  those  higher  era***  lino®  we**>  now  the  toe 
of  the  our**,  but  as  scon  es  the  densities  became  too  weak  for  scours to 
photos**  ts7,  ihe  line  intensity  vac  measured  fro*  the  primary  image#  giving 
densities  up  abort  the  straight  lino  portion  of  tfts  autre*  On  otill  letter 
exposures  th*  densities  In  these  line*  dropped  do m to  the  straight  line 
portion  of  the  aurr*  again. 

I n spite  of  this  pimping  ground  an  the  characteristic  curve  the  data 
were  evry  consistent,  ec  evidenced  by  the  height  gredient  curves*.  If  the 
corvee  wore  eerioueiy  in  error  there  would  be  Abrupt  discontinuities  in 
these  height  gradients  corresponding  to  o*ch  change  of  range  on  the  ourvw* 
Therefore  we  conclude  that  photon*  trio  errors  in  our  date  are  not  likely 
to  be  the  cause  of  the  differences  between  the  Khartoun  eclipse  results  and 
those  of  1932. 

further  evidence  for  real  differences  in  the  chromospheric  structure 
at  ths  two  eclipses  is  given  by  th*  absolute  in  tensities  and  the  wxfam 
heights  to  which  the  lines  were  observed*  In  the  low  chromosphere  our 
absolute  intensities  are  of  the  order  of  0*6  to  0.7  in  legxo  higher  then 
the  intensities  in  th*  1932  data*  This  is  probably  a real  difference  as 
shown  by  the  fact  that  in  our  data  the  higher  order  lines  are  observable 
to  higher  levels  than  in  1912  even  thourh  the  height,  gradients  tr*  larger* 

It  should  be  rooognlaed*  of  course,  that  this  nay  be  a result  of  the  greater 
•peed  of  our  spectrographs  and  consequently  greater  exposure  in  our  spsotro- 
g rams.  On  the  other  hand,  a really  brighter  chromosphere  nay  be  the  moon 
that  our  spectrograms  were  somewhat  overexposed;  the  exposure  tines  were 
computed  on  the  basis  of  intensities  given  in  the  1932  data* 

If  we  aowpare  the  estimated  maximum  heights  of  the  Balmar  lines  for 
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the  3952  eolipss  with  those  reported  by  Sfildt3^  fey  four  prer&ma  calipees# 
w*  fled  that?  v*  have  observed  to  *ms*  IOCO  ka  bitfier  than  4b  the  prsrrimuj 
cams*  Fox*  the  losrer  order  linas#  this  niffaraaoc  gradually  deomsee  wiUX 
•»  tie  m*4*esi  haigfeia  *««a  to  be  about  the  sea*  (*#*  Tfcfel*  $}*  This  1« 
aeaeietenb  with  the  foot  that  tiw  height  gwdieatG  end  Absolute  intensities 
ware  larger  in  our  • clips*  date*  tiltcheU^0  has  report***  alailer  differaraee 
in  visual  estimates  of  «1aUt»  Inbanaltlea  and  bsight  gradient#  in  pmiow 
eoUpaee,  and  Gillie  and  licnsal  have  reported  large  differences  fron  point 
to  point  at  the  sane  eolipao*  Thaae  results  strongly  suggest  that  both  the 
bright  gradients  end  tha  absolute  Intenclties  In  tne  ehrooosphare  were 
greeter  during  the  1952  eclipse  then  they  were  during  the  1932  calipee* 

Botit  eclipses  were  near  Rlnieo*  phase  in  the  sunspot  ayola,  so  that  gradual 
change*  with  phase  of  the  sunspot  eyole  cannot  be  sought  ea  an  aaplanetien 
of  our  cbeervatione* 


Table  5 

Ka&iaux  Haights  (ke)  of  Linas 


1952 

1905/25 

1930/37 

H, 

7 

** 

7000 

7000 

»16 

3700 

1*000 

1*000 

tt2Q 

3150 

2500 

2500 

h23 

2900 

2000 

2000 

k2  6 

2600 

1800 

1800 

«31 

21*00 

1000 

1000 
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Th*  object! v*  o t th#  work  tes-sribad  la  this?  eestie®  was  to  obtain  a 
preliai&sry  id**  of  th • thorn odyniwie  atnwture  of  the  ohrtswaphers  indi- 
cated by  the  Balaer  lint  end  continuum  data  derived  *ssd  tabula  tod  in  the 
preceding  etc liana*  Specifically,  w*  sad#  preliminary  (teteiwinetltw#  of 
th#  following i (1)  kinetic  teepsraturs  gradient#  with  height*  (S)  electron 
density  gradients  with  height*  (3)  m1£  absorption  for  Bp  as  a function  of 
height*  and  («)  departure#  fro®  thernodyfiaade  wquilibriw  as  a function  of 
height. 

Th#  result#  given  here  art  of  th#  nature  of  aovt  preliminary  estimate# 
of  the  qpanUUato  described*  Systems  tio  and  careful  treatment  of  th#  fell 
potentialities  of  th#  data  1#  being  conducted  this  turner  at  th#  High 
Altitude  Cbeorvatory  by  Or*  Richard  B,  Thsaae,  and  a group  of  assistants, 
including  the  writer 

The  general  equations  for  the  observed  emission  in  ohrcooepherio  lines 
or  the  continuum  of  the  Balaer  speotrua  ere  first  derived*  The  Intensities 
in  slitlese  spec trogreae  ee  tabulated  in  Table  2 refer  to  the  eslesloa  in- 
tegrated both  along  the  line  of  sight  and  from  the  *ooo* s lteh  outward.  If 
the  Mission  in  erg«/«H»o/osr3/unlt  solid  angle  In  the  line  \ that 
escapes  the  chroaosphere  in  the  direction*  y,  toward#  the  observes*,  then  the 
enietdon  per  unit  eolid  angle  in  the  lino  fro®  a 1 on  wide  olio#  ie 


h-~  * / / fit-  A (»> 

where  h is  the  height  of  the  noon's  limb  above  the  mm's  Hab*  The  geo- 
metrical situation  is  represented  in  Figure  9*  The  notation  used  by 
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GEOMETRICAL  SITUATION 
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Shcase21  horn  been  adopted  her*  to  avoid  unneoeaftary  confusion.  In  tbs 
alyx*o»pfc*r»  w«wr?  snd  to  a good  approximation 


uf  9 *)c  + jll  ‘ 

If*1 


Lett 

Z4  • the  frequency  of  tbs  Balner  lino  originating  fro*  tbs  ath 
level. 


An#B  * the  Slnstaln  transition  probability  for  spontaneous  tyanai* 
Ucras  fro*  tbs  Isrsl  a to  tbs  lml  2* 

Rp,M#  * the  nuafcer  of  protons  and  electrons  par  os*, 

?*  * the  kino  tie  temperature  of  tbs  electrons, 
t^n  * the  statistical  weight  of  ths  Isrsl  n* 

Ba  • the  mssber  of  steals  par  osP  excited  to  ths  Isrsl  n. 

Then  for  an  optically  thin  ateoephens  in  therwedjraudo  squllibrluaj  denoted 
by  ths  asterisks*  *»  bars  a definition  of  ths 


es*k\LA%tWt 


where  H0*  is  giran  by  the  BolUaann-Sshs  equation 

■i*.  M.K  /UU_ 

' ~ \a.rroHJi  #«/■  x 


In  general  sons  of  the  radiation  will  be  reabsorbed*  If  we  esll  tbs 
cbnerptlan  co*fftel«nt  o^g  ths  saouat  of  radiation  escaping  the  atmosphere 
is 


vber»  u i*  th«  valua  cuf  jr  at  tha  waiting  alanant*  8iao©  tha  ahronoophera 
la  pradowinanttjr  hydro $«n,  wo  taka  Bp  • K«*  If,  in  addition*  «*  aU«r  Cos* 
daparturaa  frca  tharaodynmio  «quilibri»  and  daflna  bQ  by 


(25) 


wbara  Bq  la  tha  actual  population  of  tbs  lertl  n and  Bb*  la  tha  population 
of  tha  Xaral  In  tha  eats  of  thamodynaaie  aqsilibriua,  wa  fat  for  tha 
aotual  saUtloa  vhloh  aaoapaa  tha  ctaronoaphart 

& *****  V cv,4,v^i  .1 
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For  oooraaisnea*  lot 
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and 


C * ® • 

* i 


a({U«U'>'i  (av)  then 
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and  aquation  (21),  aultlpliad  by  UfT,  imscoio«4 
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Hansel^  hee  shewn  that  the  intensity  in  *rge/e«c/o®ty«nit  freqwancy 
in  the  Balwer  continuum  can  be  expressed  In  * similar  fashion*  for  the 
in  teaseler  at  wnsrlength  X in  the  continuum,  he  gives 

£ * *«* /.-'*'/**  S'4*  s*5* , (M) 

Banos,  the  observed emission  is 

f.,  . J}  St  (33) 

To  be  etrietly  oorreot  re  should  include  a b\  »»*  an  absorption  ten*  la 
equation  (33) » forever,  both  of  these  ere  negligibly  a*&U  in  the  ©ootinuun 

A.  Preliminary  Analysis  of  the  Balmer  Continues  Data 

Since  the  Balmer  continuum  amission  le  relatively  free  fron  the  effect* 
or  eelf-«b»orption,  one  can  readily  obtain  estimate*  of  electron  temperature 
end  density  frcat  the  continue  intensities.  For  the  method  followed  here, 
it  le  neoeesary  that  the  values  of  C\  that  are  used  represent  only  the  free- 
bouitd  mission  in  the  Babaor  continuum.  The  continual  intensity  at  a point 
in -the  elitlees  ape airs grams  on  the  long  wavelength  elds  of  the  Balmer 
aeries  Unit  is  the  nm  of  the  continuum  intensities  from  the  various 
seuroee  integrated  over  a 1 m ellco  of  ohromoepber*  and  corona.  '*h« 
largest  part  of  thie  Intensity  comes  froa  »oa ttsring  of  photcapheric  radia- 
tion by  free  electrons.  On  the  short  wve  length  side  of  the  Bela  or  aeries 
limit,  the  intenuity  of  the  freer-bound  «ntiucion  in  the  Balmer  continuum  is 
added  to  tbs  other  sources. 

Since  the  exposure*  in  the  priraaiy  image  were  quit*  heavy,  w * ver* 
able  to  get  reliable  measurement*  of  the  total  in  tensity  in  the  continuum. 
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both  on  the  leaf  wavtlftogth  and  chert  *«7<pJl9ngth  aides  of  the  Bslaer  eerie* 
li*it.  If  cm*  toe**  the  relative  intensity  in  the  mm^cle^y  ccntin^ic  a# 

* function  of  wavelength,  then  fro*  the  Intensity  sty  UTOO  the  non- 
Balaer  eontdnuwi  intensity  «t  shorter  wavelength*  cm  be  obtained  by  extra* 
poXatlon,  It  1*  apparent  frc»  the  epeotyogse**  that  ft  large  percent age  of 
th#  total  aoatimu*  intensity  ie  osedng  fro«  the  eorcca*  The  intensity  dis- 
tribution In  this  pert  of  the  c«efclmK&  can  b«  determined  trm  the  lasge  of 
the  soreaa  bordering  the  primary  Image  of  the  speetroi*  the  largest  pert 
of  the  rcsMUnlng  intensity  oo  the  long  envelcegth  tide  of  Ihe  Bela*? 
codUouur  le  free  s nattering  by  free  electron*  In  the  chromosphere,  ehieh 
lit  low  heights  is  ft  very  substantial  oontxdbutloa.  Thus,  the  intensity 
distribution  In  this  pari  of  the  oootimn*  Should  be  the  sens  ms  that  in 
the  coronal  sonUnuv*,  end  the  intensity  distribution  in  the  total  ocotl&om 
intensity  should  be  very  nearly  the  mm*  except  for  the  perturbation  caused 
by  the  BaXaer  coatiouw* 

The  intensity  distribution  in  the  oorcnal  continu m was  **asured  or. 
several  speotrcgreee,  The  individual  values  show  considerable  variations 
apparently  caused  by  scattered  light  In  the  spectrographs.  The  average 
values  and  the  probable  errors  are  shown  in  Table  6* 


TsbX*  6 


Relative  Intensities  in  tha  Coronal  Continue* 


3900 

3800 

3700 

}6GO 

3500 


* 0*01  ♦ 0*02 
♦ 0*00  ♦ 0.02 
0,00  ~ 

• 0,01  * 0.02 
- 0.03  ♦ 0.02 


65 


At  point#  * and  b on  the  Xi&b  the  total  lnt*n#itl*a  *t  >Jr?00  and  at 
four  w»r«l#ngthe  Is  tha  Baim^r  coofeiaam  were  aea  mured  and  entered  in 
Table  2«  The  iatanaliy  at  X3700  was  than  »xtr*pol«it®4  to  ihori#f  w«re~ 
length*  by  applying  the  ccrrootiona  #hcwa  in  Sable  6«  Tax*  ecstr*pol«tsd 
intensity  was  than  aubtraeted  tvm  the  total  intensity  at  the  turn  ware-* 
length.  Tbs  rwaainder  was  considered  to  rapreaant  th«  fraa-boond  waisaion 
In  tfc#  Baloer  continuum,  and  that*  value*  w«r*  aater«d  In  the  last  foar  row# 
of  Sable  2.  These  data  represent  t bo  observed  (mission  «*  expressed  by 
equation  (33}. 

As  a first  apprwdaation,  the  graph#  of  log  %,  w*»  height  war#  fitted 
by  straight  Una#  though,  a#  shewn  balow.  this  loads  to  enaooeptibU 
results,  A least  aqvutrei  fit  gar#  the  following  equations  1 


log  i26h0  • * 0.01*  - (0.95  l 0.03)  x X(T®h . (3U) 

log  - 2*83  ♦ O.COj  - <0.91  ♦ 0.03)  x l(r$h . (jlib) 

log  *3550  * *«7*  ♦ 0.01*  - (0.91  * 0.03)  x 10~V  (Ac) 

log  £3500  * 2*73  ♦ O.Oli  - (0.»  ♦ 0,03)  x 1<T%.  <3fcd) 


The  fit  of  aquation  (A#)  to  the  Observed  raluae  of  log  ®36hO  i#  i» 

Jlgur#  iO.  for  the  ease  of  an  exponential  fih&rtg#  at  mission  with  height, 
we  nave 

A 

&4S  &*>*  / 05) 


and  it  fellow#  fro*  (21)  that 


farrsf) 


* ^ 


400  eoo  Tfcoo  igoo  2000  $400 

HEIGHT  (Km) 

rid  iO  LOG  eM4tN  VS.  HEIGHT 
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Htnee  to#  equatigns  01*)  o*n  be  written  m £*t%X<m ss 

•&»  ^*^0  * - 33*20  ♦ 0.09  - {2*X?  * 0.0?)  * XT%  . (37*) 

Jb«Gyk 30  * - 33*kl  * 0.0?  - (2.10  ♦ 0.07)  * &f  *h . (37b) 

^ £ 3SS)  . » 33,#)  ♦ 0.0?  » (2.10  * 0.07)  a 3XT%  , (37o) 

£ 3^X)  * *•  33.66  * 0*0?  * (2.05  ♦ 0.67)  » icrfy* . (374) 

Fras»  equation  (3 2),  we  get 


^ Ac 

TT"  “ J <w) 


and 
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ol&ft  . 4gUt  f JC  ^ y ) ■<£” 

™__  - * y,  < * *J  *A  • 
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Since  T#  cannot  depend  ca  the  wareiength  at  which  we  measure  it,  mi  time 
the  left  aide  of  (UO)  l»  independent  of  height,  the  oobaequefto#  of  wing 
•treigfrt  lines  to  fit  the  date  In  the  Belmer  continumi  ie  thet  we  wuet  have 


JUh  7t 


su  C«oStj ftP. 
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a 

Bus  uv 9 of  etretght  lines  else  require*  thet,  unices  ’7\^'" ~ **  <7,  we  suet 
bare  Td  * ®*et  eowe  finite  height  to  ere  the  lined  intersect.  In  toie  case 
the  lines  et  X36UO  end  X3500  intersect  »i  about  2700  km*  this  ia,  of 


court®,  «n  uus.aoepUbl.8  result,  end  ws  should  look  for  departures  rrm 
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•traight  Him*  In  tha  log  v»*  height  curves* 

An  allaraativ#  approach,  not  used*  would  b#  to  coc*icttr  tfea  observed 

j d A 

values  of  at  #aeh  height  and  ebtaio  at  each  haigfct  fr o»  three 

vilu#a.  Bafoi*#  this  approach  could  b#  ocr-lad  out#  hcwvrer,  it  would  b* 
tteoresaiy  to  reftn#  tha  eaaeuraffiant#  in  $us  Palmer  aoniinuwu  Th»  aodetlng 
data  hfcv*  so  touch  reads*  srror  that  whan  ln»Uvidtuel  levale  are  considered 
th*  'fmluaa  of  ?a  rang#  frcv  a tew  thousand  degree*  to  #.  th#  values  of 
«**  are  obtained  both  In  th#  highsr  and  lews?  'level*  of  th#  chroaoepkare# 
and  it  if  impossible  to  get  an  average  tengwreture* 

Still  another  alt#  mat  ire  for  analysing  th#  oontinuuw  data  wa#  pre- 
pared independently  by  Thcssaa^and  Zanatra.2^  yhi*  asthod  ahuw#  previa# 
of  giving  Buoh  nor#  reliable  value#  for  th#  alaotren  t#sap#ratur«  bteaua# 

It  1#  not  a*  Mnaitire  to  avail  arrors  in  th#  data* 

At  th#  preMot  tin#  w#  are  carrying  out  acre  erxfeeaslv#  areeureeenta 
of  tha  oontinv.ua  intancitlea  as  a function  of  rerelength  fro*  X39GO  to 
X3600,  but  there  result#  are  not  y«t  available.  Tha  rendov  error#  are  being 
reduced  at  »uoh  as  posslbl#  by  using  csrerel  Mreaurenan t#  of  the  intensity 
at  aaoh  wavalangth  on  each  ipootrogrea.  Sham  there  »#a»ure»ents  are 
completed  wa  will  carry  out  th#  analysis  proposed  by  Thoeus?  and  further 
analysis  of  the  intensity  distribution  within  th#  free-bound  scission  frm 
th#  8 aimer  oontinua*. 


A#  a preliminary  esasure#  w#  found  it  latareaUng  to  aa#  what  sort  of 

JUhk%  ML  44 

value#  of  T#,  , H*»  and  w*  could  gat  fro«  equation#  (37) 

to  (hi)*  Th#s#  valtt##  are  tabulated  in  Table  7*  Th#  value#  of 


w#r#  obtain«d  by  retting  K\  » 0 at  XldUO,  thus  giving 


4L 
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(hi) 


.frcw  vqruation  (bl). 

It  ehooirf  bn  aotad  that  the  probable  error*  Ik  equatiese  (3?)  are  of 

A£  y* 

U»  &M4  order  c»  the  differences  fr©»  which  we  calculated  T0  and  * 

In  fact*  if  we  include  probable  error*,  we  get  at  1000  k» 

3300  * K < 7a  « #*#•  *r 


and 


<?.  a xur'icm*'  < ~%r 


< f'SKHr*  Cm-*. 


Bence,  the  Talus*  of  Ta  and  *^2*  in  Table  7 can  be  la  error  by  rather 
large  aaounts*  Nsverthalsse,  it  Is  unlikely  that  the  data  could  be  in 
error  enough  to  give  Te>12*0OQ*  JC  in  the  low  chroaoephsre.  For  sxsapls, 
at  LOO  to  log  C*36ko/%5Qo)  * 0.U*  and  gives  X*  * LPQCP  S.  In  order  to  have 
T#  • 12,000°  K we  would  have  to  have  log  (Kj&Lo/ijgX))  a 0*0$*  The  clmcce 
for  this  much  error  in  the  data  are  very  mail,  but  not  nil.  Since  the 

U^n  tu.au..  of  T.opd 

respectively,  they  are  also  poorly  defined  by  the  data* 

JUkTk 

The  Balftar  continual  data  show  consistently  that  —*-*•>#  the 

JUL7* 

probable  errors  are  such  that  ■ vr  could  be  aero,  but  the  ohanots  for 

dJLTS 

this  are  slight*  The  values  of  -^y  in  Table  7 depend  upon  the  values 
of  Td  aud  they  have  undoubtedly  been  overeetimated  in  the  higher  chromo- 
spheric levels  by  the  use  of  straight  lines  to  fit  the  data*  On  the  other 
hand,  there  is  nothing  in  this  method  that  oould  give*Ky  >#if  this  were 
not  aotually  the  case* 


?0 


„ Mm  , , 

If  m *»» vam  oonsUnfc  ur«,  tfc*  wals*  of  i»«3.*l  x lO”9 

oa^#  tbi#  ?»!«*  1#  «©n*id*y*b2y  hlghar  th*ua  th«  rulu*  found  by  CUlJt#  «ad 
b*mala  fsm  th«  1532  data*  ih*  r*lu*s  of  B*  d*t*mtr*sd  Xr«c  aquation  (38) 
with  V*  XS.SOO6  Kara  lifted  in  th*  l*»t.  «*r  of  Tfcbl#  7.  fbi  value. of 
15*200°  K foy  f9  wa«  u*wd  baeau**,  w will  bt  ahcwn  bo  low,  It  la  th* 
taaparatura  given  by  tha  attnueptlon  of  an  laotfcamal  ohrowoopharw  in  fcgrdyo- 
atatlo  equilibria. 


Tabla  7 

v —ip  *•  •"*  • 


1*00 

800 

1200 

1600 

2000 

, J&r 

ziao 

»»•*  M.-' 

XXj6i<0-3600 

2,600 

3,1*00 

h>UZ  0 

6,300 

H*,700 

2.03 

W3&O-3550 

3,850 

U,590 

5,320 

6,300 

8,1*00 

12,650 

0.85 

\\36hO~2l$00 

1**000 

1*,680 

5,1*50 

6,630 

8,830 

13,250 

0.88 

XV36OO-3550 

6,300 

6,300 

6,300 

6,300 

6,300 

6,300 

0 

\x 3600-3 500 

5,000 

5,1*80 

6,060 

6,760 

7,6?0 

8,900 

0,1*3 

1X3550-3500 

3*500 

1**850 

5,81*0 

7,270 

8,800 

il*,5?o 

0.86 

iWR* — .......... 

5*1*80 

...  .4,880. .... . 

6,590 

. .-5*120 

-13*130 

_js*asL 

-rr~~  ¥*0  tm  * 
Jju4 4 

xyr**«" 

N#  * 1011 
Nv  x 101* 

(Tj«15|200°) 

0*36 

-0.83 

U.2 

u.o 

0.1a 

-0.80 

3.0 

7.1 

0.1*7  v 
— 0«7U 
2.2 
1*.6 

0.56 

-0.68 

1.5 

3.0 

V - • . ' , 

0.77 

-0.53 

1*3 

1.5 

.'.eyctej*:- 

0*5$ 

-0.38 

0.53 

1*2 

'l"iA 

n 
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It  Ik  Interesting  ic  cc ap&re  the  relation ships  asKmg-  Xf  t "SS**  RaA 
I**  table  7 with  tii*  relationship*  derived  fro©  the  assuaptios  of 
hydrostatic  aquiUbrtoai,*  In  this  section  vm  describe  the  remit*  of  exwh 
ocaperisone,  which  eho**d  that  the  date  are  not  strorgly  inconsistent  with 
the  *e  suspicion  of  hydro  static  equilibrium.,  but  that  the  assumption  of  an 
isothermal  ohscaeaphers  is  untenable* 

Since  the  ohronosphere  is  pxwdoainently  hydrogen  and  the  largest 
percentage  of  the  remaining  atoms  are  helium,  which  has  a high  ionisation 
potential,  we  have 


A5.  * *i 


banc*.  Urn  cqocCion  of  tydroctctlo  equilibria*  ic 
Jp*~(  A^y  *#)/»»#  p JA  j 
and  the  ideal  gas  law  can  be  written 

( % A£  ■#•  *7+  , 

If  we  define 


re  f* 

as  a fraction  of  hydrogen  ionised,  we  get 


and 


4 = " -y-  -**>  Jk 


ft*  (f+  4f)  Mtjni . 


(U*> 


ast> 


vl*6) 


(1*7) 

(1*8) 
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rw»  <l»7)  « ad  (MS),  **  $9% 


fo ip 


J&to  . M.-K  . *».f 

*jr+  -?r>>  y ***£*••• 

4Ajm.  . 


If  wa  aocoM  tfawawdyaftaio  «»quilibri\M  u m «pprwdaaiiocf  tbeci  &• 
ioaiaaUan  aquation  firaa 

*..<e  « *•*««»«* 


K 


and 


(50) 


<$U 


~2%-  * ' VT  (T  ■«  / -3T-  • 

6t*»Ututio*  (59)  and  (i*3)  in  (I*?)  and  oattlng  ’^#d»  we  (it 

('- 4s  * “S?  * ... 

Xquatlcn  (51)  can  be  written 

fa  - •"*)  £% + *£-$&*  n * * '—frf  s *o. 

«&»  £j*  y# 

If  we  eaceider  "•‘"‘XT*"'  **  constant  and  «•*  th«  talus  given  by  equation 
(3lia)«  thli  aquation  adsdia  to  £*«  integral 


2£ 


/./ 


■n  tf  & 


e.t*  V If 


/s#A 


/JC  *a*  - •*« 
and  equation  (51)  ean  be  written 


<&) 


(SZZ*^)  • 


(S3) 
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The  Balaer  eoatinwa  data  gives  values  of  and  ?#»  a»  give®  .la 

Table  7*  ttn*  values  In  the  lor  ohraeosph* re  give  n**l  and  aquation®  (52) 

Jfjj.  7£ 

and  (53)  should  apply.  W#  tabulated  in  Mbit  8 the  values  of 
obtained  fs ra«  (53)*  by  using  th#  values  of  ?c  fram  Table  7*  These  value* 
«r»  oonsiderebly  lower  than  the  valuta  In  fable  7*  Hence#  ths  us#  of  the 
value*  of  T.  and  in  T able  7 g*v»,  under  conditions  of 

hydrostatic  equilibrium,  too  low  value*  for  * ***•  <to*Hrr*d 

Mission  gradient.  However*  it  is  dear  that  a relatively  alight  modifies^ 
tion  of  the  parameter*  of  Table  7 would  permit  u*  to  satisfy  the  condition 


of  hydrostatic  equilibrium. 

It  t ha  cbrcwoaphsr*  is  not  in  hydro  static  equilibrium,  it  is  much  more 
likely  to  be  too  extended  rather  than  too  compressed,  and  thus  to  hi  out  of 
«quilibrlt»  in  th*  dilution  opposite  to  that  indicated*  This  result  sug* 
goats  then*  that  our  values  for  T0  tend  aw  inoonsietsnt.  The  in- 

consistency most  likely  arises  from  the  use  of  straight  lines  to  remweent 
the  variation  of  log  \ with  height.  He  note  that  equation  (53)  gives  an 
tgsper  Whit  for  of  0.21  x lCT8®**1  and  that  decreases  as 

Ta  increase© . This  is*  of  course*  a result  of  tbs  assumption  that  the 
lord, nation  is  low  and  that  the  emission  decreases  exjxmaniially  with  height. 


•fvv.1  a A 


Height  (km)  hOO  800  1200  , 1600 

* 0.16  0.15  O.m  0.12 


JJ/bermtivftly>  w«  can  look  at  th#  data  for  H&2090  km*  where  the  B aimer 
continuum  data  give  n*2:l.  In  this  case  and  equation  (1$)  bsocese 


7U 


~yr  * “7T  *■ 


(A) 


c«l«*  (l&)>  w*  ««( 

* . JL.  ^ 

it  -ar*  * " <u 


#fe-s  . , ^Stt?  + -'**» 

- ’51".'  W - • ~ 


*»  o 


(55) 


irtiioll  ««a  tu  srltUit 
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The  JLaW*ral  of  this  equation  with  ~7Ji  ' ‘ 

dtk 

«*«  /*  *%K  f*'9^ 

1%.  n C e +/£,%<*> 


give* 


<5 7 ) 


and 


.da* 


e».6ft  -r/e-'* 


Jls 


i *o .<u*/e"*A  ♦ 

/ *r*  4C 


(58) 


If  *^r7'*i*0  our  data  in  Table  ? indicate,  hydrostatic  equilibria*  thus 

^ jsj# 

show*  uk  that  T„  >15,200°  X,  end  that  , the  gr&'iont  itsalf* 

increases  upward* 

The  visual  Method  of  applying  hydrostatic  equilibrium  considerations  to 
the  chroaosphew^  ie  to  asauae  f#  • const,  and  TfOr  / . If  we  Mbs  this 
asstnipUen,  in  spite  of  the  gradient  shown  in  Table  1,  and  set  C » 0 in 
(97)  t we  got  T#  “ 15, TOO®  X*  (For  the  welsalon- height  gradients  obtained 
by  Cillie  and  Knnaei,  a T*  * 22, $00°  X is  required  on  this  aseunption.)  We 
have  already  shown  that  it  is  difficult  to  reconcile  the  Balkar  centinuuet 
data  for  the  chre»csphere  below  1000  tea  with  Te  * 15,200®  K,  and  thus  on 
the  iaothemel  nodal  are  forced  to  admit  rather  wide  departure  from 


hydrostatic  #<tuiUbriis*. 

She  *hor»  analysis  of  th*  Balmer  ccntinmia  data,  for  a chroposphtr*  in 
hrds'&ftatio  equilibria*  is  rather  crude*  'out  nevertheless  leads  to  ccncltt* 
*i«u>  of  as**  in t* rest.  The  aost  Xlfceiy  node!  of  the  chromosphere  that 
(Mrtiafiaa  both  the  data  and  th*  eeswption  of  hydroctatie  equilibria*  la 
the  folicarlngj 

< iZ,OOQ*  * /**«  A « /<**#-&**. 

> o cu*<ti  n~ht  */•“*+  $4  ‘ 

Ar€  /&". 

The  nor*  thorough  anaJjsle  of  the  continues  data  which  la  turn  in  progreat 

ML-n 

should  Alloa  non  apeoifio  definition  of  T0  and  • 

C«  Balaaar  line  Ewdsslon 

Analysis  of  th*  Una  enlstdoa  of  tha  hydrogen  Balasr  gpeetrat  can  git# 
u«  results  ca  .self-abeerptioo  and  departures  fro*  tfceraodraasdo  aqulllbrlm* 
We  ooneida?  first  tha  ganaral  fora  of  our  approach  to  those  problems . 

Tha  graph#  of  log  % ts«  height  of  tha  noon1#  link  shewn  In  figure  8 
iadloeta  th#t  abort  a certain  Uni  tha  e*ie»ioa  daoreaaes  eppsrcKJnateJy 
sayonantlaUy  with  height*  for  tha  lints  Kjg  to  Jvjj*  tha  wpoceetiaX 
approxination  la  good  abort  600  baa*  for  tha  Icwar  order  lines*  tha  anas 
approximation  la  not  good  until  on*  got*  to  higher  levels*  At  Hg  tha 
approxlttatlon  la  good  abort  *000  to*  In  thaaa  rangaa  tha  data  for  each  Una 
ora  adequately  represented  by  exponential  relationship*.  If  departures  fro* 
tuch  Mponsntlals  of  real  physical  aigniflcanoa  exlatedt  they  would  affect 
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tfcft  cw»»*  for  adjacent  b values*  in  #uch  11  way  <ut  to  produce  eyttweeiio 
departure#  torn  the  esspcoenUal  that  progneoed  y^Unuottily  with  a.  Xo 
evidence  for  each  progneaiv*  depart as*  1*  exhibited  by  the  $«mt* 

Xn  the  hipest  order  Xiftee.ibe  effeo U of  seXiVebeorptlon  aad  depar- 
tare*  fra*  tfcen*>dyaa»io  equilibriuei  ere  probably  nails'  Tbeontieal  cokf* 
putatioae  nf  the  bn»*  hr  Tfcoaae**  aad  Kateuehii*^  show  that  they  approach 
flMif  e iaemftoe*  Although  the  deputation*  include  only  adlQ»  it  is 
otovlctt*  that  byth*  tisw  a naohee  aoo^  2$  tfea  ba*e  will  be  very  cloae  to 
uniter* 


Since  the  eheoxpUon  coefficient*  ft*  ie  well  known  (fhoene?)  varlee 


M 


the  earnest  of  abeerpU'wi  in  the  higher  erte  llaae  will  be  ruU 


eohpured  to  that  in  the  lore?  order  lines*  A*  ft  first  appna&waiioa  we 
own  ftwra—  thftt  the  *b sorption  ten  bceo&ea  negligibly  mail  for  a *28.  On 
this  baaie  we  would  then  expect  that  the  dbservwd  eniseioo  £*m  the  line* 
for  »jr28  would  be  rvt?  nearly  * true  npneentaiioo  of  (he  populetteo  of 
the  level  n a»  predicted  by  then&dyntx&c  o^uilibriaw  theory* 

CofertujMttely#  ell  of  the  line*  for  a * 28  are  affected  by  blende* 

Haft  and  H30  an  blended  with  unresolved  aetal  lines*  The  wing*  of  these 


line*  overlap  with  *®d  8^  and  eo  the  blende  also  affect  the  iateaaitiee 


of  thews  tinea#  However*  the  prisaiy  latsnsi  ia  those  higher 


*>** a «. «—  t f _■ 

wnatr  juoh 


ie  to  obtain  ea  eedeeicn  gradient  that  ie  fro  fro i the  perturbing  effeetc 
of  •elf~*b«orptlo&  and  departure*  fne  therodyiuadta  equilibrium  lor  tfcie 
caee,  we  have*  frow  equation  (86), 


t H - y*i 


&,  .,* >mtem « 


m 
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sac  at  the  heed  of  tha  Seine?  aonujjuu*  (a  * **) 


m 


Haaoe,  wo  can  uae  the  otdesior.  gradient  at  th*  hand  of  the  Balwr  coatiawMi 
u a reference  froa  which  to  seeourt  the  perfcurt»*tion*  to  the  esdeslen 
gradient*.  The  observed  {gradient#  will  have  the  font 

U ~fim  * ~ %*  '^££*2  + + & '*)  (fl,) 

whir*  the  tors  y^OO  1#  th*  change  in  th*  gradient  oaused  by  eolf-abeerptioo 
and  hence,  1*  a function  of  height « Th*  dbaervailen*  afccw  that  to  a good 
approxiaatlon 

£r  . cw.  - - a./r  x »'**»-*. 


Th*  observed  values  of  £u  tabulated  in  Table  h change  cyetasatioally 
with  a and  h*  However,  above  2000  km  tha  value*  an  no  longer  dependent 
upon  h,  or,  sore  correctly,  tha  dependence  upon  h la  too  ewaXX  to  be  enema 
by  the  date*  Za  general,  the  last  three  terse  on  the  right  of  equation  (61) 
depend  upon  both  h end  n.  The  absence  of  a dependence  upon  h seane  either 
that  the  important  terse  are  Independent  of  h or  that  the  dependence  on  h 
cancel*  out.  The  value*  of  P««  pn  are  not  small  for  the  lower  order 
line*.  In  foot,  for  Bp  above  2000  hi  we  have  $«•  « p$>  » 0.66  x lO^^carl, 
end  we  are  forced  to  conclude  that  most  of  thit  difference  comae  frees 


terse  or  eaabinatlona  of  tars#  that  are  slowly  varying  functions  of  height* 
Th*  tern  - X*  l*  of  the  wrong  sign  If  T P’  * Tbo 

Palmer  eontinuua  data  leave  little  doubt  that  this  le  the  case,  and  we  suet 


attribute  the  difference  to  the  other  two  tanas.  Clearly  Yn(h)  >0  so  w* 


.?# 


will  invsstigai#  this  self** baorpUon  tsra  first* 

1*  feslf^aorgttoa. 

mtmmm  mm* 

Ths  ebMrrtd  mitotan  in  a lift*  is 

£*•**> A-.ifJjK  6 J7  A,  ($2) 

thM  observations  for  ths  higher  ordsr  liati  giro 

£„-  £»,»  «*** . 

If  ww  aasuas  that  ths  mission  gradients  is  thaw  lints  art  saaffsotsd  by 
•slfHibsorption,  than  vs  osa  writs 


Aft,  r Afy#  £ 


St  s first  approxiaatien. 


Ufcttttshdaa2$  has  shown  that  for  tills  oppraodjAtion 

<i£Z&,XAK.A«,%Al.  £ r->)~  0 * T&  (%<**,•) 

*«**  0 


e * YlZlZsL 


m 


where  $2  is  the  total  msabsr  of  atone  in  the  Bslasr  ground  stats  along  tbs 
lias  of  sight*  The  offset  of  ths  absorption  on  ths  obserrsd  mission 
gradient  is 


. J&*H-  a.e<*..*ssL.  fr**-*^. 

r . *•  t - • - * ■ _*■ 


i/  ti »_ 

VW  JA 


£■<•?*  lit £*£  <o*r*u,o 
**»«*  {!+#»}&%  JZT/ 


<65) 


e* 


whsro  p * and  is  considered  to  be  constant*  It  follows  that 


<&«/»* 


(fa  ^ * 

i !+/*)% 

*n 


Mi) 


0*0 
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■fa(h)  1*  the  change  in  Sn  caused  by  ealf*>eb*c>  option.  Si.no*  Kj  it 
•xpenentua  In  h,  we  also  hav*  yn(U  changing  approximately  exponentially 
with  height*  Th*  only  evidence  for  ayah  change*  occur*  in  the  ewiasica 
froa  Bg  to  K^,  and  thsn  only  in  the  lords  below  2000  fe»*  Apparently# 
thon,  self-absorption  ie  sithsr  a relatively  mall  offset  and  la  not 
affecting  the  height  gradients  above  2000  kx  or  tha  bn  tom  la  «n taring  In 
suoh  a way  that  It  partly  coapeneat aa  for  the  ehange  with  h.  Sine*  there 
are  obvioue  ohangae  in  Pn  which  am  not  of  the  fox*  of  (66),  era  wust  have  a 
significant  contribution  fro*  the  bn  tax*.  Hcwav#r>  before  we  conoid *r  thli 
tarn,  it  la  helpful  to  astiaata  and  Mg  fro*  the  affects  wfcioh  are  ap- 
parently caused  by  ••lf-abaorption* 

We  not*  that  if  w«  again  use  the  exponential  fora  for  Kn  (6b)  can  be 
written 

J&j  6+  njj  0^0  - ?.¥*'?  A + A*  «&) 

where 

y // 

+ j4^  *> 

We  have  aeen  fro*  aquation  (66)  that  th*  effect  of  »elf-abeorption  la  to 
oheng*  the  misoiett  gr«di«ni  by  an  ssseuni  which  changes  *rpon antially  with 
h*i#it*  Heme#  aa  a first  apprcocinatioa  we  will  interpret  all  of  the 
departures  fro*  an  exponential  decrease  of  mission  with  height  as  being 
due  to  •elf-absorption*  If  thin  interpretation  is  legitimate,  then  fro* 

(68)  end  tha  observed  awls sloe  in,  sey,  Hp  we  should  be  able  to  get  approxi- 
ssate  values  for  pj  and  ^(q.  From  the  first  taro  tanas  on  the  right  of  (66) 
and  the  observed  intensities  in  Bp,  wa  satiaate  £2  * 1*5  * i0~5ca*  fhs 


,^/d>|yHr  JC68) 


so 


coefficient*  of  tha  tom#  ia  (68)  do  not  dapend  too  itrasftly  upon  til*  valuse 


of  «e  long  a*  w*  It top  it  reasonably  ole**  to  Pp.  Tha  observed  v* la#  of 
pj>  la  l»$t  x 10”®«a***.  If  wo  use  tha  astinated  valu*  of  pj  in  tha  eo- 


•ff iel onto  of  (68)  mi  can  rrita 

fe: 


<-«;««.  o'- 
* W7* 


For  a particular  value  of  log  its.,  aquation  (69)  can  6a  solved  for 
r /6}## 


Tha  plot  of  log  Kj  va.  height  in  Figure  6 wma  fitted  with  an  esqplrieal 
curve.  Abort*  2000  kft  tha  curve  wae  approxiaated  by  a straijjh t Una.  It 
we  extend  this  straight  Una  portion  to  lower  height*  and  attribute  tha 
differences  between  tha  two  curves  to  eelf«abeorption»  wa  gat  tha  values  of 
log  lbs.  tabulated  in  rear  2 of  Table  9.  The  values  of  log  % ^ row  3 
of  Table  9 vara  obtained  from  aquation  (69)  and  tha  values  of  log  Aba.  in 
row  2*  Tha  values  of  log  &24?,2  in  Tibia  9 am  plot  tad  against  height  in 
Figure  11*  Tha  resulting  ourre  la  a straight  line  fro®  which  wa  get 
p2  m 2*1$  x lOT^mm^  and  l2,o“9,2  * 20*  Wa  note*  however,  that  there  ia  a 
good  ohanoa  that  thia  wstbod  gives  erroneous  valuta  of  log  Aba.  alnoa  wa 
have  Ignored  the  bn  tarn  in  (61).  Indeed,  we  shall  sea  later  that  we  have 
underestimated  tha  absolute  value*  of  leg  Abe.,  and  that  our  value  of  p2  is 
much  too  largo*  It  does  not  necessarily  follow  that  S2  qo^  2 I0  t*«  *s*H 
•lnea  dsoraaaing  pj  will  hare  the  affect  of  laoroaaing  log  Ah*.  at  heights 
greater  than  aero*  The  theoretical  value  of  i®  1*51  x 10**^,  For 
^2,0^9* 2W20*  we  gat  ffg^Q  • 6.6  x lO^  and  for  pg  s l.*>  x lC“®oa‘*i  tb* 
number  of  Kg  atoms  par  as3  at  the  bAee  of  the  chroaoepher*  is  1.2  x 106  , 


eoo  iooo  1200  .. 

HEIOHT  <fom) 

FIO.il  100  N8  Oifet  VS  HEIOHT 
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Tsbl#  ? 

leg  Ah*  *nd  $2°n*2 


Height  (tern) 

600 

300 

1000 

1200 

liiOO 

1600 

1600 

log  Abe* 

-0,15 

-0.13 

<*0,06 

-0,06 

»0»0b 

-0*02 

-o»ot 

*«#  *2*9,2 

0.i*7 

0*30 

0*06 

*0.07 

-0.25 

-0.69 

-0.69 

*•  h gradients, 

V*  haws  pointed  cut  above  that  tha  changes  4a  th*  with  a oaonot  be  th* 
raault  of  aalf-abseiption  alone  and  thus  art  at  least  partly,  and  poeeibly 
entirely,  due  to  th©  tarn  . Omitting  th*  absorption  tam  la  (61), 


_k*  m fi  m — /L  ^ 

a*.  r 


tJL*. 


The  last  tan*  la  tills  aquation  Is  uaJcaom.  Howerar,  a*  oan  estimate  It 
txm  tha  Bailor  oontlnum  data*  Xn  th*  loir  chromosphere  w*  bar*  *te 
m M *****  ***mf  an dt,«  S000O,  wharaaa  at  21|00  ka  fftW9**' 

sad  T*  11  11,000°  (•*«  ihble  ?}•  Tha  large  value  for  at  the  higher 

level*  1*  duo  to  tha  uea  of  straight  Uaaa  for  th*  esiesion  gradient*  in 
the  Salawt  continuum*  Ir.  ths  higher  ohrc«o«phar#  w*  expect  a high  degree 
of  ionisation  and  from  aquation  <$?)  w*  #**  that  tha  aamaspilon  of  hydro* 
•tatlc  aqvdlibrivn  gi*et  Increasing  with  height  in  order  to  maintain 

a constant  amission  gradient.  On  tha  other  hand,  tha  assumption  of  low 

. JUUTi 

Ionisation  and  hydros  u.  tie  equilibrium  in  tha  low  chromosphere  gavs  •*~^2W“ 


4»cre&fling  with  height-  the  praolM  values  are  not  too  important  since 
tha  TCti  tam  la  email,  for  r»  &.  6*  For  uee  in  oqu*tl°h  (70)  at  21*00  km,  we 


take  t#KL6»QC0°  and 


xo.vxtr*  *m->. 


iMA.  * /fo,  - A>  * «■&££■*  . 


*fe#rwe. 


(71) 


The  walet  of  £«•  * 2.1?  x 1£T®  wat  obtained  fro®  the  ea&aeioo  at  the  head 
of  the  Balaer  contimnin.  The  nluei  of  are  tabulated  in  Titbit  U an A t the 
apparent  valuta  of  ...ig^  an  tabulated  in  Dibit  10*  ftiaot  tb«  pn  do  m% 
change  with  height  except  in  the  lot  order  Hne»,  thtae  valuee  of 
apply  it  til  1 tnli  covered  by  the  ofeetrvatioae  e*oept  thoee  below  600  lot 

itTlt . 

where  the  obetrrtUooo  in  inooeplete.  The  apparent  value*  of  "tP  for 
n 2 8 in  repreaented  approximately  by  tht  equation 


**b.  * ,.„v’  e-°  "'~ 


dk 

at  shorn  In  ft  gun  12. 

If  in  integrate  equation  (72)  > we  fit 

jtL  *«  « A JV*  • 


(7*) 


A * £(*$> 


(73) 


Sine#  til  of  th#  b0‘e  suit  bt  wily  ti  the  heights  h^,  tl  which  die  electron 
tewporature  and  radiation  temperature  an  th#  e«a»»  (71)  can  bo  written 


/,  1VK>°~W  e 


\ I **# 


Tht  relative  value*  of  the  apparent  bn's  can  bt  determined  fra a the  dif~ 
fonhsie  between  tine  ebeorod  Baliaer  deoremente  and  th#  tbersaodyoesio 
equilibrium  d«urea#nt#.  Its  the  east  of  therao^piaaio  equilibrium  we  use 
equation*  (23)  and  (2U)  to  eoopute  the  Balaer  decrements.’  Since  the  deore- 

A@?)  we  have  the  thtmodynaalo  equilibrium 


mints  are  defined  ae 


814b 


Apparent  Valuta  of 


TaT34 


and  Sals*?  Btowawci# 


<3t& 

Hsnr3, 

tifflC**** 

( 'fc*  *f ^6*  C*t) 

-(%**.£<  Ca*) 

3000  ks 

2000  te 

3000  to 

6000  is* 

8 

9 

~o 

0.7U 

2*6$ 

i.?7** 

2.17 

2.$7 

8.97 

IQ 

0,68 

2.28 

1.69** 

1.86 

2.29 

2*66 

n 

0*61 

1.96 

1.26»* 

1*61 

1.90 

£.19 

12 

o.a 

1*65 

1.21 

1*66 

1.67 

1.90 

13 

0.S6 

1*39 

1.05 

1.28 

1.51* 

1.76* 

lit 

0,51 

1*15 

.91 

1.12 

1.33* 

1.56* 

1$ 

0,67 

.92 

.62 

.80 

•96* 

1.16* 

16 

Q*hl 

.72 

.65 

.63 

.&* 

.99* 

17 

0.62 

.52 

.56 

.58 

.70* 

•82* 

18 

0.38 

• *30 

.a 

.27 

.33* 

♦39* 

1? 

0.30 

.17 

*23 

.23 

.23* 

•83* 

20 

0*30 

« o 

0 

0 

0* 

0* 

a 

0.2$ 

- *16 

- *07 

- .13 

22 

0.26 

- .29 

- .27 

- .32 

23 

0.26 

- .62 

- *61 

- .66 

26 

0.1$ 

*»  *56 

» .50 

- .66 

25 

0.12 

* *68 

- *55 

- .72 

26 

0.1$ 

- *80 

- .76 

— .09 

27 

0*12 

- *91 

«*  <0^ 

-1.06 

28 

0.08 

-1.03 

- *86 

-1.05 

29 

0.12 

-1*16 

-1.10 

-I.27 

30 

0.08 

-1*26 

- *88 

-1.09 

31 

0,07 

-1.36 

-1.36 

-1.57 

♦*  Comwttd  for  apparent  Mlf-abtcrption 
# Extrapolated  fro*  Iwror  Xtmlt 


deorwwat#  glren  by  (X*  C*i')  > rhm  rtam$  ot 

C «*)  et  6000°  in  tabulated  In  colas?}  3 of  ftfeU  10, 
m&  the  bbeerred  relate  tabulated  In  eolueas  i*  to  8.  ttm 

vtlw  of  Aj^g  in  ttM  Or  h art  bean  tabulated  by  Hansel  And  Bekerie**, 

Tt»  obecrred  reluea  ctf  to  glee  the  beet  $pmr$l  egre*» 

*«&£  with  the  predicted  deoreeaate  At  h * 3000  tan*  Howerer,  m note  that 
in  the  hi^aw  order  linae  for  hit  8900  lot  ell  of  the  ebeerod  decree  ante 
eateeed  the  predicted  deer— ente  wbaieee  in  the  lever  order  liaee  the 
nweree  i«  t me  for  h * 3000  lot,  Above  3000  kx  the  cbeerred  decrement* 
evneed  the  predicted  deereeant*  for  ell  llnee.  IM*  ia  etroagly  eugge stirs 
thet  sell-Absorption  le  Affecting  the  intensities  of  the  lover  order  line# 
even  in  the  higher  level*  end  thet  the  bn*e  ere  greater  then  onedesm  to  et 
leeet  8000  kn«  Oar  purpose  in  this  section,  however,  is  to  etteept  to 
teaeribe  ell  of  the  obeerwUona  in  teres  of  bft*a  so  ve  continue  to  ignore 
•elf-abacwpiion  end  eee  how  fer  we  can  go* 

fiu  epperant  veins®  of  lieted  in  Teble  U.  The  reltsea 

given  by  aqua"  .on  (?!*)  ere  ♦ Q.W  fer  h - h*  • ♦ 1000  k»  end  ♦ 0.81*  for 
h - h<j  * ♦ 2000  k»,  the  egresses t of  these  relate  with  the  observed  mines 
le  nary  good  if  we  eel  h*  « 3QOQ  be.  But,  It  should  be  recognised  that  the 
relue*  In  S»bl«  XL  wwW-dwd  free  the  ooaemd  Baiser  deorwenta,  end  the 
changes  in  the  deoraaente  ere  esuaed  by  the  difference  in  the  mission 
gradient  free  which  equation  (Tl;  5 waa  derired  ao  w»  should  expect  consistency* 


Apparent 


Teble  11 

ent 


IOOO  k» 

-0*79 


2000  k* 
•O.liU 


3000  kn 

*0.01 


iiOOO  ke 
♦0.3« 
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Tfc*  deorsaente  In  th*  integrated  sole s ion  are  larger  than  the  deonaaanta 
in  the  swlasien  per  unit  telww  and  they  begin  to  exceed  tea  predicted 
decrements  at  lavsls  well  below  2000  km*  Tho  affects  ora  wuoh  too  largo  to 
b«  dm  to  tenparatare  ohangee  and  wa  am  foroad  to  ooneludo  teat  tea  values 
of  ba  averaged  over  tea  chraaoapher*  abort  2000  ko  tea  greater  than  one. 

Thowa haa  shown  that  bn  > ba  ♦ k whan  th*  electron  temperature  la 
greater  than  tha  radiation  tenj^ratura  and  bn«bg  ^when  tee  rawarse  la 
true*  Benoe,  on  tha  baala  of  oar  praasnt  nodal  wa  should  axjwct  to  find  an 
electron  tesparatur*  of  about  6000<>  g At  3000  in  with  Ions?  temperature*  at 
lower  l*r* Is  and  high*?  temperatures  above*  The  Balner  oonUman  date 
auggaat  tela  aort  of  nodal  «nd  up  to  tela  point  our  nodal  ie  oonatatont* 
fortunately,  tear*  la  a critical  way  of  e becking  tha  consistency  of  our 
iaterprateti.cn.  Wlldt^  has  used  a method  of  getting  an  aadaa iea  (radiant 
which  la  baaad  on  ten  height*  at  which  tha  various  Xlnaa  ranch  equal  intensity* 
Barer*?,  hit  ra suits  gave  anomalously  low  values  for  tha  gradients*  Thomas? 
haa  interpreted  this  anoaaloua  asdasisa  gradient  as  a manifestation  of  th* 
faot  teat  bn  > fen  ♦ k*  #•  should  ba  able  to  ehcok  tha  consistency  of  our 
interpretation  of  tha  effects  of  tea  bn  by  analysing  the  method  used  by 
Wildt.  Ksaoa,  if  wa  put  h<>  • 3 x 3*)®  in  aquation  (74)  wo  gat 

JLL.  * /.?**/*• '(*-***  V (?*?) 

and,  if  cur  modal  i«  right,  re  should  expect  this  equation  to  ba  consistent 
with  whatever  results  w*  gat* 


Tha  condition  for  equal  intensity  In  all  of  tea  Baiaar  lines  i» 


/MfU 

JK 


*s  O . 


07 


Frees  (30)  end  (3$)»  **  gat 


vtkir* 


a 4~  (^C^-KM.  0m)  4%-  ■ 

rn  r9i  » 


Hldi  easuaed  r#  * ^oo#t»  and  ignored  the  end  ^ taros*  He  thee  intsr* 
prated  tbs  mlus  of  • Tfca  value  af  obtained  by  tMs 

Method  wee  oo»«id»r*bly  mile?  then  the  rale*  obtained  tar  Civile  end 
H«jQi«I2  tar  the  tftp*  disroot  ©othod  of  plotting  log  % against  height* 

OiXlfe  end  Mental  node  the  mow  a*  adaptions  es  Wildt  end  the  date  that  they 
used  ware  else  used  by  ISUdt*  Stones  Interpreted  this  difference  e*  being 

«24U  Ann 

due  to  b»  > ba  + * end,  therefor*,  — «<  <%  Vs  see  frwi  aquation  (77) 

that  this  interpretation  is  not  ooaplately  justified  without  farther  quell- 
ftoetUa*  tba  dleorap&ncgr  ol early  arises  free  the  tents  la  (77)  which  htnra 
boon  ntgleoied*  But,  Wildt  he*  neglected  the  lest  tens  In  (77)  which,  when 


expended,  in 


d&JksSi.  4 

n 


da r ettaepte  to  account  for  the  change#  in  the  ealssion  gradients  bp  ealf« 
absorption  showed  that,  considering  tht  first  t*na#  — 2-**nd  non- 
negligible*  It  map  vail  Vs,  however,.  that  the  < c : *o  that  tba 

second  tore  is  helping  to  account  for  tba  discrepancy*  Without  invest!- 
gating  ths  first  tsra  it  la  impossible  to  tall  whether  or  not  this  is  the 


oast*  In  foot,  sines  the  eoi-eion  gradients  era  different  for  each  line 
the  values  of  |jg  will  depend  upon  the  particular  Intensity  we  era 
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considering.  As  an  i'Uustrsfcion  of  this  we  have  plotted  in  Figure  13  the 
lights  of  equal  Intensity  sgainet  for  three  different  In  ten* 

titles.  In  ell  eases  we  get  etrelgnt  lines*  but  for  the  intensity  of  H9  «t 
1*000  tea  **«•  1*68  x l(T®c*“'l-#  for  the  intensity  of  «t  3000  km 

* 1.88  x lCr^c*"*,  end  for  the  Intensity  of  Hj»  et  2000  tea****  2.1P  x lCT^aa"*, 
We  hurt  shown  thet  these  changes  ere  not  entirely  due  to  self-absorption  end 
pert  of  the  change  east  be  attributed  to  the  ^£^£2*  tens. 

The  surprising  thing  ic  thet  the  values  of <r  ere  independent  of  n> 

Fro*  equations  (U3)  end  (77)  # we  see  thet 


a./f 


- *&• tfc-*'4%r  + ¥r*+x~'j)r< 


<79) 


The  left  tide  of  (79)  1*  independent  of  n but  the  first  three  terete  on  the 
right,  if  we  use  equation  (75),  ell  change  rapidly  with  n*  On  the  other 
hand,  the  values  of  obtained  fro*  the  date  ere  veiy  well  represented  by 


7TmJ 


(80) 


where  e * -2.U5  x IG^csT^  if  we  us*  the  intensity  of  Hp  at  I4OOC  ka  but 
bee  different  value*  for  different  intensities*  Equation  (75)  gives 


* a%  \ 

iOsV/ 


• - fp./yy  g/a  e ( A - f J 

ML*u.  JL 

Hanot,  the  tens  ^depends  on  n costly  through  the  value  of  h 

associated  with  n«  Tor  n»«  where  h > 3000  ka  this  tem  is  negative  end  for 

n»e  where  h <c  3000  ka  it  is  positive*  We  note,  however,  that  the  X^ terns 

in  (79)  we  negligibly  asaU  and  thet  the  apparent  ere  positive  end 

'•  *K  " Jjfn 

approaching  sere  for  largo  n*  Turthemore,  the  ipparent  value  of 


f 'It'S  .end  less  then  this  value  for 


a >18.  Hanoe,  we  should  have  n>X0  sad  >*for  *»  & 19. 

3M.»  is  jttflft  tits  ojppps: it*  of  Ana  result*  given  by  aquation  (?$).  Ha*  result 
tiwt <#  *w  l**«*  n and  > # for  avail  n is  unacceptable  free  * 
pfaorslosX  standpoint  and  we  *r*  forced  to  include  tbs  effects  of  *«if- 
absorption  in  order  to  reswdy  the  situation.  Vs  not#  that  Ah#  only  remedy 
is  to  h*T*^~*  <dfor  all  a alnoe  the  affect  of  eelf-«b#orptt<xi  is  to 
in  the  lot  order  lines.  Shis  shows  conclusively  that 
equation  (75)  la  iaaonaistsat  with  ths  observations  la  ti»t  it  give*  bn'» 
less  than  om. 


As  a further  illustration  of  th*  inconsistency  of  equation  (?5)  w* 
include  the  X* tame  in  (79)  and  use  (75)  to  evaluate  and  • 

Vs  than  have  an  aquation  of  the  for# 

A f ^ 


(82) 


By  evaluating  the  constants  A and  0 for  all  n at  two  different  intensities 
w«  get  two  valuta  of  A and  B at  seme  heights  and  we  oan  solve  for  T,  and 

» In  all  eaaa*  tba  solution*  give  T4  negative  and  * ****  *°** 

Obviously,  then,  we  cannot  correct  the  inconsistencies  by  any  sort  of  toegm-fe* 


tore  effaots.  the  only  other  alternative  la  self -absorption.  However*  wo 


have  shown  that  the  observed  effaots  cannot  be  entirely  due  to  soix-ao  sorption 
and  wo  are  forced  to  conclude  that  we  oust  consider  together  both  self* 
absorption  and  the  bn’s  with  a*  ><*in  order  to  obtain  a satisfactory 
interpretation  of  th#  data. 

3*  Combined  Effects  of  Saif -absorption  and  the  b^'a 

tba  only  remaining  alternative  for  explaining  the  changes  in  ^ with 
n is  to  include  both  the  bn  and  self-absorption  terse  in  equations  (61)  and 
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{19)*  The%,ttreue  ere  sw&ll  centred  to  the  effect#  observed  to  we  will 
neglect  these  tare**  It  we  include  the  absorption  tens*,  we  can  write 
(60L)  as 


£&dkgL  f * Zl*  ~ P~s  , 


(83) 


Alto*  we  can  write  (79)  an 

dSnitxi  + jjLfea  * 


» iDJf  X/e 


(8U) 


Ocwbiniiig  (63)  and  (8lt),we  get 

~ ^ ZFF  ' (as) 

Tor  the  intensity  of  Hy  at  3000  to#  <T»  1.88  * 20“®c*“^  and  for  n A IP 
the  right  aide  of  (85)  la  negative,  The  value  of  <r  depends  upon  the  {Ig* 
However,  the  true  pn  wuat  be  equal  to  or  greater  than  the  observed  Pg.  ■;, 
Therefore , the  value  o i v represent#  an  upper  Unit  and  the  right  side  of 
(85)  will  actually  become  negative  for  see*#  u j5t  19.  The  absorption  tem 
os.  the  left  of  (85)  la  always  positive.  Hence*  we  mot  have  all  of  the 

< 0 at  the  height  appropriate  to  each  n for  n A 19.  For  a * 31* 
**  AJLL 

thi*  givaa  Sy5£  «gat  700  tot.  Since  the  bttU  *u»t  dlr*nt*  free  1 at  n 
decreases,  we  wait  ,‘vev#  ell  brt!s»l  at  700  toe. 

The  right  tide  of  (85)  becomes  positive  for  n < 19 » but  sine*  %,% 
varlee  at  l/rP  we  axpeot  the  absorption  tern  to  increase  in  importance  as 
n deoreaset*  Ho waver » the  rate  of  increase  la  not  at  ftat  as  l/o3  in  this 
case  btotuat  at  n deoreaset  we  go  to  grot  tor  heights  whioh  deorwasea  the 
absorption  tern.  In  order  to  hart  self-absorption  store  important  in  Hio 
than  in  Hjq  we  must  hart 
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/6S 


e > 5P  a?  ^ 


(86) 


or 


(3x.  < /.*  *"'* vrm-l , 


m 


Thl*  will  be  the  ease  it 

~ 5K* 


(88) 


4&4» 


In  view  of  the  fact,  that  £J?~i9  significant  for  high  order  U»i  and  3U>» 
creasing  sc  n decreases*  and  sine*  we  oust  have  relatively  high  T*  in  order 
to  here  bn>l,  the  inequality  in  {88)  Is  not  uweasonsble* 

These  arguments  sheer  conclusively  that  *^>1  shore  TOO  to  end  that  they 
increase  with  height.  We  should  ejq^eet*  %h*n:  that  the  observed  Bal*er 
decrements  would  exceed  the  thsre&djmsjaia  equilibrium  decrements  well  below 
the  level  where  self»«hsorpU9B  beoctse#  negligible,  thus  we  see  from  Table 
8 that  the  Intensities  of  the  lower  order  linos  are  reduced  by  self* 
absorption  up  to  at  least  3000  km,  The  value  of  fa  which  we  obtained  in 
section  1 was  based  on  the  assumption  that  solf"Sbsorption  in  Up  beoeae 
negligible  at  2000  km.  If  we  had  allowed  the  absorption  to  persist  to 
higher  levels  at  we  should  hare  done!  the  value  of  fa  would  have  bean  much 
leas. 

It  we  use  the  approximation  expressed  by  equation  (63)  and  ignore  the 
small  change  in  (1  ♦ ^ )**1  with  n,  we  see  from  (6U)  that 

/TT  dJL  Abt.  _ JL  eXA^A/* 

T"  -JTT  P,  ~2T~'  <»> 


and*  therefore , 


A&Jtii-  * -2~  k,m. 


SSt<0%, 


(90) 


fa ttw,(85)  fan  b*  written 

f * (A'"*  3&^* 

iS*-,  *e  ha%« 

* 'ZL&.  (ft*-*-)  • 


(91) 


flinee 


(92) 


At  2000  b»  end  n • 9 {^-^*-0.6S  * ixrW1  *nd  ||  • -0.17  * 108«*. 
Therefore* 


> a.  <*,r 
y»<«. 

•t  2000  ka>  from  equation  (65)  with  0 • 1,  we  get 

^ *<^*  > 

and  with  » 0 get 


(93) 


y^s,  ^ 


At. 


p2  >a>  * w*  uan  safely  ney  that 
M'i.  *%%  > h 1 


m 


*t  2000  tan 

The  ^(h)  texts  la  (83)  deereeeea  as  h and  n increase,  whereas  the 
«tt»t  increase  with  height  in  order  to  eatlefy  (83)  and  it  auet  d»** 
ortiKo  with  n sore  slowly  than  ^3  otfcerwia*  both  toms  on  the  left  of  (83) 

’ ii  i 

would  be  noglifibl®  for  n £ 20.  Apparently  1 then*  the  tor*  in 


(63)  predominates  in  all  cases  except  where  both  n and  h sru  relatively  low. 

Frees  a physical  standpoint,  we  can  non  what  is  happening  to  the 
emission  gradients.  The  eslf-absorpUon  U>tn  in  (83)  approaches  aero 
Rsywptotioally  a#  both  h and  n inersaes.  On  the  other  hand,  the  tern 

is  approaching  asymptotically  to  a value  greater  than  aero  as  h increased 
and  the  asymptotic  value  approaches  ccro  as  n increases.  For  n and  b such 
that  both  terns  are  reasonably  close  to  their  asymptote,  their  sum  is  nearly 
constant.  For  a lower  n and  h,  the  sslf-abeojrption  tarn  dominates.  Kerne* 

A£»  k. 

**  *XT 

absorption  term  does.  However,  it  tor  a given  n the  two  terms  are  approach* 


ing  their  asymptotes  at  approximately  the  same  rate,  their  sum  will  not  do- 


&r.d:23t‘.> 


part  noticeably  from  a oonstant  until  both  terms  are  considerably  removed 
from  their  asymptote*.  As  a further  illustration  of  this  ire  can  eetis* t* 
the  rate  of  change  of  absorption  with  height  and  then  estimate  the  changes 

,v>*‘  . -a 

in  the  apparent  emission  gradients* 

02  is  of  ths  order  of  1 x 1<T®,  Hence,  in  1000  k»  $200,2  changes  by  a 
factor  e"1.  Whan  log  Aba*  has  reached  a value  of  -0*1  the  value  of  t 
is  email , and  log  Abs  Q * 3&M-“  a height  1000  km  above 
ths  point  where  log  Aba.  • -0*1  we  have  log  Abs*  * —O.OJU . A difference  in 
log  E-  of  0.06  Eight  well  be  sacked  by  ths  random  error  is  the  data,  end  even 


if  it  ian»  t it  would  not  change  ths  gradients  appreciably*  If,  in  addition, 

JU>  L 

we  have  the  in  (83)  partly  compensating  for  the  change  in  the 

absorption  term,  wo  will  not  detect  ary  change  in  the  emission  gradients 
until  /log  Abe./>0.1G.  Therefore,  we  should  not  be  surprised  to  find  that 
the  intensities  Of  th<>  lines  are  reduced  by  self-absorption  even  though  we 


can  approximate  the  log  En  vs.  height  curves  with  straight  line* 


v.u.  kcmMisiMxm 
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